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RULES AND REGULATIONS FOR THE 
CLASSIFICATION OF SHIPS, July 2005 


Notice No. 2 


This Notice contains amendments within the following Sections of the Rules and Regulations for the 
Classification of Ships, July 2005. The amendments are effective on the dates shown: 


Part Chapter Section Effective date 


Corrigendum 
1 July 2006 
1 July 2006 

5,8 1 July 2006 
1 1 July 2006 

1 July 2006 
1 July 2006 

5,9 Corrigendum 

5,8 1 July 2006 

1 July 2006 

6 1 July 2006 

2,6 Corrigenda 

9 1 July 2006 
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Zo) Corrigenda 
Corrigendum 

2,7 1 July 2006 
4 1 July 2006 
11 1 July 2006 

‘| 1 July 2006 

1 1 January 2006 

3,6 July 2006 

1, 2, 3, 5, 6, 11, 12, 13, 14 July 2006 
July 2006 
July 2006 
July 2006 
July 2006 
July 2006 
July 2006 
July 2006 
July 2006 
July 2006 
July 2006 
July 2006 
6 July 2006 
,8 Corrigenda 
4 1 July 2006 
Corrigenda 
2 1,2,5, 10, 11, 13 1 July 2006 
2 1,6, 17 Corrigenda 
4 1 1 July 2006 
¢) Whole Chapter 1 July 2006 
1 3, 4 1 July 2006 
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It will be noted that the amendments also include corrigenda, which are effective from the date of this Notice. 


The Rules and Regulations for the Classification of Ships, July 2005 are to be read in conjunction with this 
Notice No. 2. The status of the Rules is now: 


Rules for Ships Effective date: July 2005 
Notice No. 1 Effective dates: 1 July 2005 & Corrigenda 
Notice No. 2 Effective dates: 1 January 2006, 1 July 2006 


& Corrigenda 


Part 1, Chapter 2 


Part 1, Chapter 2 
Classification Regulations 


CORRIGENDUM 


i Section 2 
Character of classification and 
class notations 


2.3 Class notations (hull) 


2.3.4 Service restriction notations will generally be 
assigned in one of the forms shown in 2-3-6462-3-9 2.3.6 to 
2.3.10, but this does not preclude Owners or Shipbuilders 
requesting special consideration for other forms in unusual 
cases. 


Effective date 1 July 2006 
2.4 Class notations (machinery) 


(Part only shown) 

2.4.3 The following class notations are associated with 
dynamic positioning arrangements, and may be assigned as 
considered appropriate by the Committee: 


The foregoing dynamic positioning DR(AA}and DPAAAI 
notations “4 may be supplemented with a Performance 
Capability Rating (PCR). This rating indicates the calculated 
percentage of time that a ship is capable of holding heading 
and position under a standard set of environmental conditions 
(North Sea), see Pt 7, Ch 4. recalculation of ePCRis 


Part 2, Chapter 1 


Part 2, Chapter 1 
General Requirements 


Effective Date 1 July 2006 


a Section 2 
Approval and survey requirements 


2.1 Approval and survey requirements — General 


2.1.2 Materials manufactured in accordance with 
Chapters 3 to 10 of these Rules are to be manufactured, 
tested and inspected under Survey according to the require- 
ments descrbed-below of one of the following two schemes: 
(a) The Materials Survey Scheme, see 2.3. 
(b) The Materials Quality Scheme, see 2.4. 


Existing paragraphs 2.1.4 and 2.1.5 have been renumbered 
2.1.3 and 2.1.4. 


2+6 2.1.5 Products manufactured in accordance with 
Chapters 11 and 14 are to be approved in accordance with 
the requirements therein. For these materials, approval is 
given for a specific product on a type approval basis, rather 
than the approved manufacturer/survey arrangements applied 
to materials covered by Chapters 3 to 10. 


2.2 LR Approval - General 


2.2.5 If the results of the initial assessment of the 
manufacturer, and the test programme are considered 
satisfactory, the manufacturer will be added to the list of 
approved manufacturers of materials, and a certificate of 
approval will be issued to the manufacturer by LR, showing 
the scope of materials and grades covered by the approval. 
Initial approval will generally be under the Materials Survey 
Scheme, see 2.3. 


2.2.6 Approved manufacturers who meet the entry 
requirements may apply for approval under the Materials 
Quality Scheme, see 2.4. 


these Rules produced under the Approved Manufactureré 
Scheme will be subject to direct survey by an LR Surveygr. 
The Scheme requires the Surveyor to survey and certify all 
approved materials according to the requirements of tllese 
Rules. 


2.3.3 Approved manufacturers should request syrvey of 
material by an LR Surveyor, when required. ManufActurers 
must provide the Surveyor with details of the order, 
specification and any special conditions additignal to the 
requirements of these Rules. 


2.3.4 All mechanical tests required by these/Rules should 
be witnessed by the Surveyor. The Surveyor nfay entrust this 
duty to a member of the works staff, bf prior written 
agreement. 


2.3.5 Before final acceptance, all njaterials are to be 
submitted to the specified tests and examinations under 
conditions acceptable to the Surveyor{ The results are to 
comply with the Rules, and all matefials are to be to the 
satisfaction of the Surveyor. 


2.3.6 The specified tests andfexaminations are to be 
carried out prior to the despatch of finished materials from the 
manufacturer's works. Where mfterials are supplied in the 
rough or unfinished condition, As many as possible of the 
specified tests are to be carried ut by the manufacturer, and 
any tests or examinations not gompleted are to be carried out 
under survey, at a subsequent stage of manufacture. 


2.3.7 In the event of arly material proving unsatisfactory 
during subsequent working, machining or fabrication, such 
material is to be reject¢d, notwithstanding any previous 
certification. 


2.3.8 In addition tg witnessing test results, the Surveyor is 
responsible for ensyring that the manufacturing process, 
inspection, testing, /dentification and certification are being 
properly conductefl. As part of the Survey arrangements, 
regular visits may fe made to all relevant parts of the works to 
check for compfiance against the requirements of these 
Rules, and to ensure that the manufacturer is maintaining the 
capability consjstently to produce approved materials. 


2.3.9 On€e the Surveyor is satisfied that the material fully 
meets the réquirements of these Rules, and any additional 
requiremeyts specified by the customer, the Surveyor will 
certify th¢ material in accordance with Section 4 and the 
appropriate Chapter of these Rules. 


2.3.10/  \|n order for a manufacturer to maintain approval 
under this Scheme, the works will be subject to a periodic 
insp¢gction of all relevant parts of the works, at intervals not 
excéeding three years. The procedure for this periodic 
ingpection is given in Book B of LR's Materials and 
Qualification Procedures for Ships (MQPS). This periodic 
ispection is in addition to any regular visits made according 
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2.3 Materials Survey Scheme 


2.3.1 Materials according to Chapters 3 to 10 of these 
Rules and produced under the Materials Survey Scheme will 
be subject to Direct Survey by an LR Surveyor. The scheme 
requires the Surveyor to survey and certify all materials 
according to the requirements of these Rules. 


2.3.2 Approved manufacturers are to request a survey of 
the material by an LR Surveyor, when required. Manufacturers 
must provide the Surveyor with details of the order, 
specification and any special conditions additional to the 
requirements of these Rules. 


2.3.3 All mechanical tests required by these Rules are to 
be witnessed. The Surveyor may allow part of this task to be 
carried out by a member of the works staff by prior written 
agreement. 


2.3.4 Before final acceptance, all materials are to be 
submitted to the specified tests and examinations under 
conditions acceptable to the Surveyor. The results are to 
comply with the Rules, and all materials are to be to the 
satisfaction of the Surveyor. 


2.3.5 The specified tests and examinations are to be 
carried out prior to the despatch of finished materials from the 
manufacturer's works. Where materials are supplied in the 
rough or unfinished condition, as many as possible of the 
specified tests are to be carried out by the manufacturer, and 
any tests or examinations that are not completed are to be 
carried out under survey at a subsequent stage of 
manufacture. 


2.3.6 In the event of any material proving unsatisfactory 
during subsequent working, machining or fabrication, such 
material is to be rejected, notwithstanding any previous 
certification. 


2.3.7 In addition to witnessing test results, the Surveyor is 
responsible for ensuring that the manufacturing process, 
inspection, testing, identification and certification are properly 
conducted. As part of the Materials Survey Scheme, regular 
visits will be made to all relevant parts of the works to check 
for compliance against the requirements of these Rules, and 
to ensure that the manufacturer is maintaining the capability to 
consistently produce approved materials. 


2.3.8 The Surveyor, when satisfied that the material fully 
meets the requirements of these Rules, will certify the material 
in accordance with Section 3 and the appropriate Chapter of 
these Rules. 


2.3.9 For a manufacturer to maintain approval under this 
scheme, the works will be subject to a periodic inspection of 
all relevant parts of the works, at intervals not exceeding three 
years. The procedure for this periodic inspection is given in 
Book B of LR's Materials and Qualification Procedures for 
Ships (MQP8). This periodic inspection is in addition to the 
regular visits made according to 2.3.7. 


2.4 Materials Quality Scheme 


2.4.1 The manufacturer may apply to be approved under 

the Materials Quality Scheme where the following require- 

ments are met: 

(a) The manufacturer has been approved by LR for a 
minimum of three years; and 

(bo) The manufacturer has a quality management system, 
which has been certified as meeting the requirements of 
ISO 9001 by a certification body recognised by LR, 
which is one accredited by a member of the International 
Accreditation Forum; and 

(c) The manufacturer has a satisfactory history of quality 
performance in the manufacture and supply of LR 
approved materials. 


2.4.2 Special consideration may be given to manufacturers 
who have not been approved under the Materials Survey 
Scheme, and may be considered onto the Materials Quality 
Scheme providing: 

(a) They have a quality management system which has 
been certified as meeting the requirements of ISO 9001 
by a certification body recognised by LR, which is one 
accredited by a member of the _ International 
Accreditation Forum. 

(b) They can demonstrate a history of satisfactory supply of 
materials which LR deems to be equivalent to those for 
which approval under the Materials Quality Scheme is 
requested. 

In this case, the initial assessment of the manufacturer will 

include the product testing regime, as required for initial 

approval under the Materials Survey Scheme (see 2.2.4). 


2.4.3 The Scheme is based on a Scheme Certification 

Schedule, made between LR and each_ individual 

manufacturer. The schedule will stipulate: 

(a) The scope of approved products covered by the 

approval. 

(bo) The process route applied by the manufacturer for each 

approved product. 

(c) The arrangements for LR scheme, audits, including 

scope, frequency, schedule, etc. 

(d) Agreed procedures for certification of approved 

materials. 

(e) Information to be supplied periodically to LR by the 
manufacturer. 

(f, | Procedures for the use of the scheme mark. 


2.4.4 The contents of the Scheme Certification Schedule 
are to remain confidential between Lloyd's Register and the 
manufacturer. 


2.4.5 The Materials Quality Scheme is based on a 

technical audit approach, and is designed to complement the 

quality management systems audits performed to ISO 9001. 

The role of the Surveyor in scheme audits is to: 

(a) Verify that the quality management system is being 
maintained and audited to the requirements of ISO 9001. 

(b) Verify that the requirements of these Rules are being 
implemented. 

(c) Verify that the requirements of this Scheme are being 
implemented. 

(d) Perform Scheme audits, which focus on the technical 
aspects of the product realisation process, particularly 
with regard to Rule requirements. 


(e) Perform witness testing as required. 
(f) Verify the data supplied to LR periodically by the manu- 
facturer as part of the Scheme requirements. 


2.4.6 The Materials Quality Scheme may be applied to 
any approved manufacturer who meets the eligibility require- 
ments, and who applies to be approved under the scheme. If 
approved under the scheme, the manufacturer's name will 
appear on the List of Approved Manufacturers published by 
LR, with an indication that they are approved under this 
scheme. 


2.4.7 The scheme is available to manufacturers producing 
approved materials according to Chapters 3 to 10 of these 
Rules for Materials. 


2.4.8 The procedures for application for approval for the 
Materials Quality Scheme are given in Book M of LR's 
Materials and Qualification Procedures for Ships (MQPS8). 


2.4.9 Where LR is satisfied that the manufacturer meets 
all of the requirements of the Scheme, and that it is 
appropriate for the products being manufactured, a Scheme 
Certification Schedule will be issued, which must be signed 
by an authorised representative of the manufacturer. 


2.4.10 Once the Scheme Certification Schedule has been 
signed by both parties, LR will issue the manufacturer with a 
certificate of approval according to the Materials Quality 
Scheme. 


2.4.11. Maintenance of approval will be according to the 
Scheme Certification Schedule agreed between LR and the 
manufacturer, and these Rules. 


2.4.12 _ It is the responsibility of the attending Surveyor to 
perform regular Scheme audits at the manufacturer's works in 
accordance with the Scheme Certification Schedule, and the 
requirements of these Rules. 


2.4.13 It is not the intention to repeat the audit according 
to ISO 9001 conducted by the recognised certification body. 
The Surveyor is, however, to be satisfied that these audits are 
being conducted effectively. Where appropriate, the Surveyor 
may conduct a partial audit to ISO 9001 to verify this. 


2.4.14 Witness tests may be conducted as part of the 
Scheme audit. This will involve the selection of material, and 
the witness of sampling and testing according to the require- 
ments of the appropriate chapter of these Rules. Such 
witness testing may be on LR grades, or materials which the 
Surveyor deems to be equivalent (for the purposes of audit 
testing only). 


2.4.15 Once every three years, a full assessment of 
scheme compliance will be conducted by a Surveyor who is 
not the regular attending Surveyor. 


2.4.16 In the event of any change which means that the 
manufacturer no longer meets the requirements for the 
Materials Quality Scheme (for example the loss of ISO 9001 
approval), the Scheme certificate of approval will be revoked. 
The manufacturer will revert to the Materials Survey Scheme, 
and will be subject to survey according to that scheme. 
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The Quality Assurance Scheme fo, 
Materials 


3.1 General 


3.1.1 At works where materials are manufactyred in 
quantity by semi-continuous or continuous processes under 
closely controlled conditions, alternative procedures/to direct 
survey for the testing and inspection of producté may be 
adopted in accordance with the requirements of thfs Section. 


3.1.2 LR will consider the extent to which the Quality 
System procedures employed by a manufag¢turer ensure 
compliance of the materials with the requirements of the 
Rules. 


3.1.3 Where it is considered that conjpliance with Rule 
requirements can be satisfactorily achievéd, LR will issue a 
Quality Assurance Approval Certificate to {ne manufacturer. 


3.1.4 Approval by another organisation will not be 
accepted as sufficient evidence tat arrangements for 
manufacture and quality contrgl comply with LR's 
requirements. 


3.1.5 The arrangements for guality authorized by LR at 
each approved works will be Kept under review by the 
Surveyors. 


3.1.6 Manufacturers who are approved under this 
Scheme are indicated in the/List of Approved Manufacturers 
of Materials. 


3.1.7 All informatign and data submitted by a 
manufacturer for initial abproval under this Scheme and for 
the maintenance of apptoval will be treated by LR as strictly 
confidential and will Not be disclosed to any third party 
without the prior writt¢n consent of the manufacturer. 


3.1.8 Where a fnanufacturer has a quality management 
system which hds been approved to ISO 9001, by a 
certification body /recognized by LR, they may be approved 
under the modifi¢gd scheme requirements given in 3.9. 


3.2 Qualifications for approval 


3.2.1 Applications for approval under this Scheme will 
generally fe considered only from manufacturers who are 
well known to LR and where experience has shown their 
producfs to be of a consistently high standard. All 
manufagturers must previously have been approved by LR in 
accorfiance with the requirements of 2.3. Special 
consifieration will be given to any new works applying for 
apprpval. 


3.4.2 The manufacturer is to demonstrate that the firm 
has experience consistent with the technology and complexity 
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3.3.1 Manufacturers applying for approval under this 
Scheme are to submit the information required by 3.3.2/to 
3.3.6 together with a controlled copy of the Quality Manudl as 
described in 3.4.8. 


3.3.2 Personnel numbers and qualificatigns of 
personnel engaged in testing, inspection and Muality 
control duties. This is to include those engaged in tésting or 
inspection duties who may be responsible administfatively to 
production management. Where appropriate, detAils of any 
testing operator approval or qualification test# are to be 
given. 


3.3.3 Facilities: 

(a) An outline of all important manufactufing plant and 
equipment, and any computer fadgjilities used in 
connection with the manufacture and guality control. 

(b) Details of the systems and methods employed to ensure 
that the quality of finished products/is maintained at a 
satisfactorily high standard and that all such products 
comply with the Rule requirement. This information is 
to be presented in the form of a production flow chart 
indicating all stages where testifig and inspection are 
carried out. Copies of works' nfanuals or other written 
instructions are to be provided/ together with details of 
any statistical practices which/may be employed. 

(c) A list of all equipment used for chemical analysis, 
mechanical testing, non/destructive testing and 
metallographic examinatiorf. Where appropriate this is 
to include details of thd testing procedures used, 
including those for calforation or re-calibration of 
equipment and the fregiuency with which these are 
carried out. 

(d) Details of the systems jised for recording manufacturing 
data, test results and Pther relevant information. 


3.3.4 Supplies. Where a works does not manufacture 
ingots, billets or bloomg, and purchases such material from 
an external source, infgrmation on the arrangements for the 
supply and acceptangé of ingots, billets or blooms intended 
for further working. 

NOTE: 

Such materials shoyild be manufactured at a works approved 
by LR and whos¢ name appears in the List of Approved 
Manufacturers of Materials. 


3.3.5 Products for which approval is sought. A 

detailed speciffcation for each product, grade and thickness 

or weight range for which approval is requested. This is to 

include the fgllowing: 

e  De-oxjdation and, where appropriate, grain refining 
practig£es. 

e = Chemical composition. 

e Freguency of ladle or other samples for chemical 
analysis. 

e = Céndition of supply. 

° Ypoecified mechanical properties and frequency of tests. 


° olerances on important dimensions. 
° Standards for the acceptance of surface and internal 
imperfections. 


° Frequency of non-destructive testing. 
Thie Rule requirements are to be observed and, where these 
give options, the manufacturer must clearly indicate which 


VU. Cotated te data for-a pero ofa Cdoy 
three months. Such test data need not necessarily relate tp 
products previously certified by LR and is, if possible, fo 
cover each product, grade, thickness or weight range gnd 
condition of supply for which approval is requested. The gata 
is to be presented in a suitable statistical form showirg at 
least the number of samples, minimum, maximurf and 
average values and the standard deviation. This gata is 
required for all elements in the specified chemical 
composition, including grain refining elements if these are 
used, and for all specified mechanical properties. For higher 
tensile ship steels, the carbon equivalent values are also 
required. Similar data is also required for Significant 
dimensions (usually thickness) and for rejectfons due to 
surface defects, internal unsoundness or other reasons. 
Rejections during manufacture and after delivery are to be 
shown separately. 


3.4 Quality System requirements 


3.4.1 The manufacturer is to establish a documented 
quality system complying with and dddressing 3.4.2 to 
3.4.28, which is capable of ensuring that materials conform 
to specified requirements. 


8.4.2 Quality policy. The manufacturer is to define 
management policies and objectivés for quality, and ensure 
that these policies and objectives are implemented and 
maintained throughout all phases /of the work. 


3.4.3 Responsibility and Authority. The responsibility, 
authority and interrelation of @l personnel affecting quality is 
to be documented. 


3.4.4 Resources. The manufacturer is to provide 
adequate resources including trained personnel and suitable 
equipment to perform/management, production and 
verification activities in cgmpliance with the Quality System. 


38.4.5 Managemeft representative. The manufacturer 
is to appoint a marfagement representative, preferably 
independent of other functions, who is to have defined 
authority and respnsibilities for the implementation and 
maintenance of the quality system. 


3.4.6 Management review. The Quality System 
established in Accordance with the requirements of this 
Section is to be systematically reviewed at appropriate 
intervals by thé manufacturer to ensure its continued currency 
and effectivefiess. Records of such management reviews are 
to be maintained and made available to the Surveyors. 


3.4.7 ontract review. The manufacturer is to establish 

and implément a system for conducting a contract review 

prior to and after acceptance to ensure that: 

(a) thé requirements of the contract are adequately defined 
and documented; 

(b) any requirements differing from those specified in the 
original enquiry/tender are resolved; and 

(c) / the manufacturer has the capacity to meet and verify 
compliance with the specified requirements. 

The manufacturer is to describe how amendments are 

identified and reviewed and how the amendments are 
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control. The Quality System is to be documented in A 
Quality Manual which is to have its own documented contol 
system. The control system is to ensure that: 

(a) documents are reviewed and approved for adequacy by 
authorized personnel prior to use, are uniquely identffied, 
include indication of approval and revision status ard are 
available at the appropriate locations; 

(b) all changes to documentation are in writing gnd are 
controlled in a manner that precludes the/ use of 
superseded or otherwise inapplicable documents; and 

(c) provision is made for the prompt removal of obsolete 
documentation from all points of issue or us¢. 

Documents and data may be maintained on Any type of 

media, e.g. hard copy or electronic media. 


3.4.9 Purchasing. The manufacturer is/to ensure that 
purchased material and services conforfn to specified 
requirements. 


3.4.10 Selection and approval of su-contractors and 
suppliers. The manufacturer is to establish and maintain 
records of acceptable suppliers and sub-contractors. The 
selection of such sources and the type/and extent of control 
exercised are to be appropriate to the type of product or 
service and the suppliers' or sub-gontractors' previously 
demonstrated capability and perfgrmance. Documented 
procedures for approval of new suppliers (where carried out) 
are to be maintained and made €vailable to the Surveyors 
upon request. Slabs, billets, ingoys or sections purchased for 
reworking into plates, bars and/sections are to be sourced 
from LR approved suppliers with! appropriate LR certification. 


3.4.11 Purchase orders/ Each purchase order is to 

contain a clear description of the material or service ordered 

including, as applicable, the following: 

(a) The type, class, grad¢ or other precise identification. 

(b) The title or other pofitive identification and applicable 
issue of specifications, drawings, process requirements, 
inspection instructipns and other relevant data. 

All purchase orders aye to be reviewed and approved for 

adequacy prior to reledse. 


3.4.12  Verificatign of purchased material and services. 
The manufacturer is/to ensure that the Surveyors are afforded 
the right to verify At source or upon receipt that purchased 
material and services conform to specified requirements. 
Verification by thé Surveyor does not relieve the manufacturer 
of its responsibifity to provide acceptable material, nor does it 
preclude subs¢quent rejection. 


3.4.13 Id¢ntification. The manufacturer is to establish a 
system for jdentification and subsequent traceability of raw 
materials, yemi-finished and finished products. 


3.4.14 {Manufacturing control. The manufacturer is to 
ensure that those operations which directly affect quality are 
carried/out under controlled conditions. These include, but 
are nof restricted to, the following: 

(a) ritten work instructions that prescribe the communi- 
cation of specified requirements and the performance of 
tasks wherever the absence of such instructions could 
adversely affect quality. These should define the method 
of monitoring and control of product characteristics. 

b) Established criteria for workmanship through written 
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continued process capability. 


3.4.15 Special processes. Those processes wh¢re 
effectiveness cannot be verified by subsequent inspection 
and testing of the product are to be subjected to continuous 
monitoring in accordance with documented procedyfes in 
addition to the requirements specified in 3.4.14. 


3.4.16 Receiving inspection. The manufactyrer is to 
ensure that no incoming material will be used or processed 
until it has been verified as conforming to/specified 
requirements. In establishing the amount and nature of 
receiving inspection, consideration is to be Biven to the 
control exercised by the supplier and documefited evidence 
of quality conformance provided. Where incoming product is 
released for urgent production prior to vefification being 
carried out, it is to be positively identified and recorded for 
immediate recall. 


3.4.17  In-process inspection. The njanufacturer is to: 

(a) perform inspection during manufacfure on all character- 
istics that cannot be inspected at A later stage; 

(ob) inspect, test and identify produgts in accordance with 
specified requirements; 

(c) establish product conformanfge to specified require- 
ments by use of process fmonitoring and control 
methods where appropriate; 

(d) hold products until the fequired inspections are 
completed and verified (unléss released under a positive 
recall situation); and 

(e) clearly identify non-corforming products to prevent 
unauthorized use, shipment, or mixing with conforming 
material. 


3.4.18 Final inspectio~. The manufacturer is to perform 
all inspections and tests gn the finished product necessary to 
complete the evidencd¢ of conformance to the specified 
requirements. The procédures for final inspection and test are 
to ensure that: 
(a) all activities defied in the specification, quality plan or 
other documenjfed procedure have been completed; and 
(bo) all inspectiogs and tests that should have been 
conducted af earlier stages have been completed and 
that the datd is acceptable. 
No products shdll be dispatched until all requirements of the 
specification h¢#ve been met and all activities defined in the 
quality plan of other documented procedures have been 
completed unless, in exceptional circumstances, the product 
is released ufder the written authorization of the Surveyors. In 
all cases, the inspection record is to identify the inspection 
authority r¢sponsible for the release of the product. 


3.4.19 / Inspection equipment. The manufacturer is to be 
responsible for providing, controlling, calibrating and 
maintaining the inspection, measuring and test equipment 
necegsary to demonstrate the conformance of material and 
services to the specified requirements as required by 3.4.12 
to £.4.18 and for maintenance of the records of the 
caflbration. The calibration is to be carried out at prescribed 
intervals against certified equipment having a known valid 
elationship to nationally recognized standards. If no such 
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to establish and maintain a system for the identification g 
inspection status of all material and products by suitable 
means which distinguish between conforming, ngn- 
conforming and uninspected items. 


3.4.21 Control of non-conforming material./ The 
manufacturer is to establish and maintain a system to ensure 
that material that does not conform to the specified 
requirements is controlled to prevent inadvertent usé, mixing 
or dispatch. Repair, rework or concessions/on non- 
conforming material and reinspection is to be in g¥cordance 
with documented procedures. Records clearly idéntifying the 
material, the nature and extent of non-conformgnce and the 
disposition are to be maintained. 


3.4.22 Corrective and preventive action. ~ne manufacturer 

is to establish and maintain a documenteg system for the 

review of non-conformances and their d/sposition. These 

should provide for: 

(a) analysis of concessions granted, cystomer complaints 
and material scrapped or reworked fo determine causes, 
the corrective action required and /dentify the preventive 
action necessary to avoid recurrgnce; 

(b) monitoring of processes, ork operations and 
inspection/test results and analysis of records to detect 
and eliminate potential cayses of non-conforming 
material; 

(c) the initiation of appropriate g¢ction with suppliers or sub- 
contractors with regard td receipt of non-conforming 
materials; and 

(d)_ verifying that corrective 
(c) are effective. 


nd preventive actions in (a) to 


3.4.23 Handling, storage and delivery. The manufacturer 
is to establish and maintdin a system for the identification, 
preservation, segregation/and handling of all material from the 
time of receipt through/the entire production process. The 
system is to include mgthods of handling that prevent abuse, 
misuse, damage or deferioration. Secure storage areas are to 
be provided to isolat¢ and protect material pending use. To 
detect deterioratioh at an early stage, the condition of 
material is to be peodically assessed. The manufacturer is to 
arrange for the prgtection of the quality of the product during 
transit. The marufacturer is to ensure, in so far as it is 
practicable, the/safe arrival and ready identification of the 
product at destjhation. 


3.4.24 Refords. The manufacturer is to develop and 
maintain a system for collection and filing of quality records, 
including m@anufacturing data and test results. The period of 


retention of such records is to be established in writing and is 
subject tg’ agreement by LR. Records may be in the form of 
any type/of media, i.e. hard copy or electronic. 


Mportance of the activity and adjusted on the basis of 
~revious results. The auditors are to be suitably trained and 


Adeperderntetthe-tuncters-being-aucites-——#——_—_—_. 


recruitment and training which provides an adequate labo 
force with such skills as are required for each type of office pr 
work operation. Appropriate records are to be maintained/to 
demonstrate that all personnel performing manufacturing or 
Quality System activities have appropriate experienge or 
training. 


3.4.27 Sampling procedures. Where sampling techniques 
are used by the manufacturer to verify the acceptAbility of 
groups of products, the procedures adopted are to be in 
accordance with the specified requirements or/are to be 
subject to agreement by the Surveyors. 


3.4.28 Statistical techniques. The manufacturer is to 
establish and maintain documented procedureg to implement 
and control the use of any statistical techniques utilized for 
controlling process capability or for verifying product 
characteristics. 


3.5 Assessment and approval 


3.5.1 After receipt and appraisg@! of the information 
requested in 3.3 an assessment of the/works is to be carried 
out by the Surveyors, to examine jn detail all aspects of 
production and of the Quality Syste 


3.5.2 The Surveyors will not goecify in detail acceptable 
procedures, but will consider the arrangements proposed by 
the manufacturer in relation to thé Quality System. Where the 
proposed procedures are congidered to be inadequate the 
Surveyors may, after consultatfon with Headquarters, advise 
as to how these may be revisgd to be acceptable to LR. 


3.5.3 If the survey of thé works confirms that the Quality 
System procedures are gatisfactory, LR will issue to the 
manufacturer a Quality Assurance Approval Certificate which 
will include details of thé products for which approval has 
been given. This Certificate will be valid for three years, with 
renewal subject to satisfactory performance and to a 
satisfactory triennial refassessment. 


3.5.4 At the dis¢gretion of LR, an extension of approval in 
respect of producys may be given, without any additional 
survey. 


3.6 Mainfenance of approval 


3.6.1 Thefarrangements authorized at each works are to 
be kept undgr review by the Surveyors in order to ensure that 
the Quality/System is being maintained in a satisfactory 
manner. This is to be achieved by carrying out the 
undernoted series of product-based audits: 

(a) regylar and systematic audits; 

(b) int¢rmediate audits at intervals of 6 months; and 

(c)  tri€nnial re-assessment of the entire Quality System. 


3.6.2 For the purpose of regular and systematic auditing, 
the furveyors will visit the works at intervals determined by 
the/type of product, the rate of production and the standards 
of fhe works' Quality System procedures. The Surveyors will 
infmediately advise the manufacturer's quality representative 
gr his nominated deputy with regard to any matter with which 


procedures are disclosed during the systematic surveillancg, 
the Surveyors may, at their discretion, apply more intensive 


supervision, including the direct inspection of products. 


3.6.4 Minor alterations in the approved procedures/may 
be permitted, provided that the Surveyors are advisegi and 
their prior concurrence obtained. 


3.6.5 Collated test data and other information gre to be 
submitted to the Surveyors at agreed intervals. This data is 
generally to be as described in 3.3.6. 


3.6.6 In addition to the regular visits by the JYurveyors, an 
intermediate audit is to be carried out every six/months. This 
will normally be carried out by Surveyors otWer than those 
regularly in attendance at the works. This audif is to consist of 
an examination of part of the manufacturer's/ Quality System. 
An audit plan will be established indicating those areas of the 
Quality System which will be examined during every 
intermediate audit and the frequency of examination of other 
areas such that all areas are subjegt to audit before 
re-assessment is due. 


3.6.7 The Surveyors are to be/allowed access at all 
reasonable times to those parts of th works concerned with 
the manufacture of the productg detailed in the Quality 
Assurance Approval Certificate. 


3.7 Suspension or withdrawal of approval 


3.7.1 When Surveyors have drawn attention to significant 
faults or deficiencies in the Quality System procedures and 
these have not been rectf/fied within a reasonable time, 
approval of the works/will be suspended. In these 
circumstances, the manufacturer will be notified in writing of 
LR's reasons for the susgension of approval. 


3.7.2 When appréval has been suspended and the 
manufacturer does ngt effect corrective measures within a 
reasonable time, LA will withdraw the Quality Assurance 
Approval Certificate, 


3.8 Identification of materials 


3.8.1 All ceftified materials are to be marked in accordance 
with the requir¢ments of the relevant Chapters in the Rules. 


3.9 anufacturers with ISO 9001 approval 


3.9.1 Where a manufacturer has a quality management 
system/which has been approved to ISO 9001 by a 
certification body recognized by LR, the requirements of the 
Quality Assurance Scheme for Materials may be modified as 
described in this sub-Section. 


3.9 Manufacturers applying for approval according to 
thié sub-section must meet the requirements of 3.2 and 3.3 
above. In addition, a copy of the ISO 9001 approval 
gertificate must be supplied, along with a copy of the most 
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specific requirements of clauses 3.4.10, 3.4. 
3.4.24 and 3.4.27. 


3.9.4 For assessment and maintenanc¢ of approval, the 
requirements of sections 3.5 to 3.8 must b€ met. Maintenance 
of approval will be by means of regul 
triennial assessments only. Interm 


3.9.5 Verification of the £ertification body audits will form 


|_| Section 3 
Certification of materials 


3.1 General 


3.7.1 All materials subject to these Rules are to be 
supplied with appropriate certification, as required by the 
relevant requirements of these Rules. This will normally be an 
LR certificate or a manufacturer’s certificate validated by LR, 
although a manufacturer's certificate may be accepted where 
allowed by the relevant requirements of these Rules. 


3.1.2 Manufacturers approved under the Materials 
Quality Scheme are licensed to apply the scheme mark to 
manufacturer's certificates according to the requirements of 
the scheme (see 2.4). 


3.1.3 The following certificate types are to be used, (a) 
and (b) for the Materials Survey Scheme, and (d) for the 
Materials Quality Scheme: 
(a) LR Certificate 
This type of certificate is issued by LR based on the 
results of testing and inspection being satisfactorily 
carried out in accordance with the requirements of these 
Rules. 
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(bo) Manufacturer's certificate validated by LR 

A manufacturer's certificate, validated by LR on the basis 
of inspection and testing carried out on the delivered 
product in accordance with the requirements of these 
Rules may be accepted. In this case, the certificate will 
include the following statement: 

"We hereby certify that the material has been made by 
an approved process and satisfactorily tested in accor- 
dance with the Rules of Lloyd's Register." 
Manufacturer's certificate 

This type of certificate is issued by the manufacturer 
based on the results of testing and inspection being 
satisfactorily carried out in accordance with the require- 
ments of these Rules or the applicable National or 
International standard. The certificate is to be validated 
by the manufacturer's authorised representative, 
independent of the manufacturing department. The 
certificate will contain a declaration that the products are 
in compliance with the requirements of these Rules or 
the applicable National or International standard. 
Manufacturer's certificate issued under the Materials 
Quality Scheme 

Where a manufacturer is approved according to the 
Materials Quality Scheme, they will issue manufacturer's 
certificates bearing the scheme mark. The certificates 
must also bear the following statement: 

"This certificate is issued under the arrangements autho- 
rised by Lloyd's Register (operating group) in 
accordance with the requirements of the Materials 
Quality Scheme and certificate number MQS 


3.1.4 Where these Rules allow for the issue of a manu- 
facturer's certificate for materials, either validated by an LR 
Surveyor, or bearing the Materials Quality Scheme mark, the 
manufacturer is to ensure that a copy of the certificate is 
supplied to LR. 


3.2 Materials Survey Scheme 

3.2.1 The requirements for certification of materials 
according to the Materials Survey Scheme are established by 
the relevant requirements of these Rules. 


3.2.2 The manufacturer is to supply the surveyor with any 
additional customer order requirements that are in addition to 
the requirements of these Rules, when the request for the 
issue or validation of the certificate is made. 


3.3 Materials Quality Scheme 

3.3.1 Part of the certification schedule will include an 
agreement for the manufacturer to apply the scheme mark to 
manufacturer's certificates relating to approved products 
within the scope of approval of the manufacturer. 


3.3.2 The use of the scheme mark is governed by the 
following: 
(a) The use of the scheme mark is not transferable. It is only 


to be used in conjunction with the manufacturer and 
works name and location shown on the certificate of 
approval. 
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The scheme mark must be applied to all manufacturers’ 
certificates relating to approved materials produced 
under the Scheme. 

In no circumstances is the scheme mark to be applied 
to test certificates relating to non-approved products. 
The scheme mark is not to be used in any way which 
may imply approval for products which are not covered 
within the manufacturer's scope of approval. 

Where a manufacturer is removed or suspended from 
the scheme, use of the scheme mark must cease 
immediately. 


3.3.3 The certificate as given in 3.1.3(d) is to be validated 
by an authorised representative of the manufacturer. The size 
and position of the scheme mark and statement on the manu- 
facturer's certificate must be agreed by Lloyd's Register. 


3.3.4 Where manufacturers are approved under this 
scheme, the manufacturer's certificate issued according to 
these requirements fully meets the materials certification 
requirements of these Rules. 


3.4 Electronic certification 

3.4.1 Where these Rules allow the issue of manufactur- 
ers' test certificates, under either the Materials Survey 
Scheme or the Materials Quality Scheme, these may be 
issued in electronic format provided that: 


(a) All tests and inspections have been satisfactorily 
completed according to the requirements of these Rules. 

(ob) Procedures are in place to ensure that electronic certifi- 
cates are only issued according to the requirements of 
these Rules. 

(c) The certification system is subject to regular inspection 
by the attending Surveyor. 

(d) Acopy of the electronic certificate is supplied to LR. This 
copy will be deemed to be the original of the test 
certificate. 

3.4.2 In addition to the requirements of 3.4.1, for items 


certified under the Materials Survey Scheme, the LR stamp 
and Surveyor's signature may be applied electronically by the 
Surveyor. This is only allowed where the Surveyor has access 
to the results of the relevant tests and inspections, and is able 
to authorise the production of the test certificate with their 
signature. The authorisation may be conducted electronically 
either at the manufacturers works, or remotely. 


3.4.3 If the Surveyor's stamp and signature are being 
applied electronically according to 3.4.2, then the manufac- 
turer is to ensure that the Surveyor is provided with all relevant 
information regarding the customer order, when the request 
for authorisation is made. 
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Certification of materials 


41 Certification of materials - General 

4.1.1 All materials subject to these Rules are jo be 
supplied with appropriate certification, as required by 
subsequent Chapters, or other parts of these Rules. Jhis will 
normally be an LR certificate, although a manufgcturer's 
certificate may be accepted if allowed by susequent 
Chapters of these Rules. 


4.1.2 
apply: 
LR Certificate 
This type of certificate is issued by LR based on the 
results of testing and inspection beifig satisfactorily 
carried out in accordance with the requirements of LR 
Rules. 
Manufacturer's certificate validat¢d by LR 
Where allowed in subsequent Chapjers of these Rules, a 
manufacturer's certificate, validated by LR on the basis 
of inspection and testing being carried out on the 
delivered product in accordanc¢ with the requirements 
of these Rules, may be accepted. In this case, the 
certificate will include the following statement: 
'We hereby certify that the material has been 
made by an approved process and satisfactorily 
tested in accordange with the Rules of Lloyd's 
Register. ' 
Manufacturer's certificate 
This type of certificate /s issued by the manufacturer 
based on the results gf testing and inspection being 
satisfactorily carried oyt in accordance with the require- 
ments of the Ruleg or the applicable National or 
International standard. 
The certificafe is to be validated by the manufac- 
turer's authorized representative, independent of 
the manufacturing department. The certificate 
contains /a declaration that the products are in 
compliafice with the requirements of the order. 


The following definitions of certificat¢ types shall 


4.2 Certifigation of materials - Approved 
Manufacturers Scheme 
4.2.1 The/requirements for certification of materials 


according t¢ the Approved Manufacturers Scheme are 
established if subsequent Chapters of these Rules. 


4.3 Certification of materials - Quality Assurance 
Scheme for Materials 
4.3.1 After issue of the Quality Assurance Approval 


Certificate, products may be dispatched with shipping 
statéments or test certificates signed on behalf of the 
marufacturer by an authorized representative. These shipping 
st¢tements or test certificates are to be countersigned by the 
Spirveyor to certify that the approved arrangements are being 

ept under review by regular and systematic auditing of the 


Woarity-ory Pro oO 
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reported to the Surveyors and their written approval obtained 
prior to despatch of the material. 


4.3.3 The following declarations are to be included on 

each shipping statement or test certificate: 

(a) ‘This is to certify that the material described above has 
been manufactured and tested with satisfactory fesults 
in accordance with the Rules of Lloyd's Regifter for 

(grade of material to be stated). 


Quality Representative’ 


‘This shipping statement/test certificate* isAssued by the 
manufacturer in accordance with the Arrangements 
authorized by Lloyd's Register in Qudlity Assurance 
Approval Certificate No. QA ......... | certify that these 
arrangements are being kept under yeview by regular 
and systematic auditing of the approved manufacturing 
and quality control procedures. 


Surveyor to Lloyd's Register’ 
*delete as appropriate. 


4.3.4 Where an approved mafufacturer has a quality 
management system approved to J6O 9001 by a certification 
body recognized by LR, and a Quality Assurance Approval 
Certificate has been issued on thé basis of 3.9, products may 
be despatched with shipping sfatements or test certificates 
signed on behalf of the mamufacturer by an authorized 
representative. The following Atatement must be present on 
all test certificates: 
‘The material describ¢d has been manufactured and 
tested with satisfactofy results, in accordance with the 
appropriate Rules /of Lloyd's Register. This test 
certificate is issued if accordance with the arrangements 
authorised by Lloyd's Register in Quality Assurance 


Approval Certificafe No. QA.......... : 


Quality Representative’ 
Modifications to thé text of the declarations in 4.3.3 and 
4.3.4, and to the procedure for signing shipping statements 
or test certificatés may be agreed at the time of initial 
approval to sujt particular circumstances or national 
practices. 


4.4 Elgctronic certification 

4.4.1 here these Rules make provision for the issue of 

manufactyrers' test or inspection certificates, these may be 

issued in £lectronic format provided that: 

a) All/tests and inspections have been satisfactorily 
cgmpleted according to the requirements of these Rules. 

b) Proper procedures are in place to ensure that electronic 
gertificates are only issued according to the require- 
ments of these Rules. 

c) / The certification system is subject to regular inspection 
by the attending Surveyor. 

qd) Acopy of the electronic certificate is supplied to LR. This 
copy will be deemed to be the original of the test 
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for atthorization is made, in order for the Surveyor to properly 


a Section-S Section 4 


General requirements for 
manufacture 


Existing Section 5 has been renumbered Section 4. 


5-4 4.1 General 

ote 4.1.2 Where a manufacturer purchases semi- 
finished products (e.g. slabs) for the purpose of re-processing 
(e.g. rolling), the manufacturer is to ensure that the materials 
are from an LR approved manufacturer, and manufactured 
within the scope of approval of that manufacturer. The aim of 
chemical analysis, dimensions, surface and internal quality 
checks are to be agreed between the manufacturer and 
purchaser. The semi-finished materials must be supplied 
with appropriate certification, according to these Rules. 
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Testing Procedures for Metallic Materials 


Effective date 1 July 2006 


a Section 5 
Embrittlement tests 
5.2 Strain age embrittlement tests 
5.2.1 The test material is to be heat treated in accordance 


with the specification and then subjected to five per cent 
strain. Half of the test material is then to be heated to 200°C 
ancheldforts-minstes 250°C and held for one hour. 


| Section 8 
Corrosion tests 
8.1 Intergranular corrosion test 
Gots For all products other than pipes, the material for 


the test specimens is to be taken adjacent to that for the 
tensile test and is to be machined to suitable dimensions for 
either a round or rectangular section bend test. The diameter 
or thickness is to be not more than 12 mm, and the total 
surface area is to be between 0,46-aRnc-0,35--? 1500 mm2 
and 3500 mm2. 


8.1.2 For pipes with an outside diameter not exceeding 
40 mm, the test specimens are to consist of a full cross- 
section. For larger pipes, the test specimens are to be cut as 
circumferential strips of full wall thickness and having a width 
of not less than 12,5 mm. In both cases the total surface area 
is to be between 0645-and-0-86-m? 1500 mm? and 3500 
mm2. 
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a Section 7 
Plates, bars and sections 


1.5 


Table 8.1.3 


Element 


Chemical composition 


Part 2, Chapter 8 
Aluminium Alloys 


Chemical composition, percentage 


5383 


5059 


5086 


5754 


5456 


6005-A 
(see Note 1) 
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6061 
(see Note 1) 


6082 


Copper 
agnesium 
ilicon 


ron 


anganese 


Zinc 


Chromium 


Titanium 


Zirconium 


Other elements: 


each 


total 


0,05 max. 


0,15 max. 


0,10 max. 
4,0—4,9 
0,25 max. 
0,25 max. 
O.7= 11,0 


0,25 max. 
0,05—0,25 


0,15 max. 
0,02 max. 


0,05 max. 


0,15 max 


0,10 max. 
5,2—5,4 
0,10 max. 
0,15 max. 
0,75—0,85 


0,45—0,60 


0,12 max. 


0,02-0,03 
0,02 max. 


0,05 max. 


0,15 max 


0,10 max. 
3,5—4,5 
0,40 max. 
0,50 max. 
0,20—0,70 


0,25 max. 
0,05—0,25 


0,15 max. 


0,05 max. 


0,15 max. 


0,10 max. 
2,6—3,6 
0,40 max. 
0,40 max. 


0,50 max. 
(see Note 2) 


0,20 max. 


0,30 max. 
(see Note 2) 


0,15 max. 


0,05 max. 


0,15 max. 


0,10 max. 
4,7—5,5 
0,25 max. 
0,40 max. 
0,50— 1,00 


0,25 max. 
0,05—0,20 


0,20 max. 


0,05 max. 


0,15 max. 


0,30 max. 
0,40—0,70 
0,50—0,90 
0,35 max. 


0,50 max. 
(see Note 3) 


0,20 max. 


0,30 max. 
(see Note 3) 


0,10 max. 


0,05 max. 


0,15 max. 


0,15—0,40 
0,80—1,20 
0,40—0,80 
0,70 max. 


0,15 max. 


0,25 max. 
0,04—0,35 


0,15 max. 


0,05 max. 


0,15 max. 


0,10 max. 
0,60—1,20 
0,70—1,30 
0,50 max. 
0,40—1,00 


0,20 max. 
0,25 max. 


0,10 max. 


0,05 max. 


0,15 max. 


NOTES 


These alloys are not normally acceptable for application in direct contact with sea-water. 
Mn + Cr = 0,10 min., 0,60 max. 
Mn + Cr = 0,12 min., 0,50 max. 
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1.8 Mechanical tests 


Table 8.1.4 


Alloy and temper 
condition 


Thickness, t, 
mm 


0,2% proof stress Ro: 
N/mm2 


Tensile strength Rp; 
N/mm2 


Elongation 
on 5,654) So 
% 


Minimum mechanical properties for acceptance purposes of selected rolled aluminium alloys 


Elongation on 5d 
% 


5083-0/H1 11 


<12,5 
>12,5 


125 


275-850 


+e 16 


5083-H112 


<12,5 
>12,5 


125 


275 


40 12 


5083-H116 


<12,5 
S25) 


215 


305 


40 12 (see Note 1) 


5083-H321 


<12,5 
>12,5 


215-295 


305-380 


10 (see Note 2) 


5383-0/H111 


3<t<50 


145 


290 


53883-H116 or H321 


3<t<50 


220 


305 


5086-0/H1 11 


100 


240-310 


5086-H112 


125 (see-Note- 
105 


250 tsee-Nete+ 
240 


5086-H116 


195 


275 


5086-H321 


4908 185 


275-835 


5059-0/H1 11 


160 


330 


5059-H116 or H3821 


270 (see Note 3) 


370 (see Note 3) 


5456-0 


130-205 
125-205 


290-365 
285-360 


5456-H116 


230 
200 


315 
290 


5456-H321 


230-315 
215-305 


315-405 
305-385 


5754-0/H111 


190 


6061-T5/1 


290 


6082-T5/T! 


2. 8% for thickness up to and including 6,0 mm. 
3. Yield strength minimum 260 N/mm2 and tensile strength minimum 360 N/mm for thickness exceeding 20 mm. 


1.9 Corrosion tests 


1.9.1 Rolled 5000 series alloys of type 5088, 5383, 5059, 
5456 and 5086 in the H116 and H321 tempers intended for 
use in marine hull construction or in marine applications with 
frequent direct contact with seawater are to be corrosion 
tested with respect to exfoliation and intergranular corrosion 


resistance. 
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Part 2, Chapter 10 
Equipment for Mooring and Anchoring 


Effective date 1 July 2006 


a Section 17 
Anchors 
1.1 Scope 
Lede This selion makes provision for caer oF ieee 


stee-ancher-heade-and-ahanke the manufacture ‘and testing 
of anchors constructed from cast, forged and fabricated 
components. 


Ne tl2 In the context of this Section, the reference to 
swivels refers to those directly attached to the anchor shank 
in lieu of the conventional 'D' shackle. For other mooring 
equipment swivels, see 2.13. 


1.2 Manufacture 


1.2.1 All anchors are to be of an approved design. See 
the-+elevarntRules- 


1.3 Cast steel anchors 


1.3.1 Cast steel anchor heads, shanks, aad shackles and 


swivels are to be manufactured and tested in accordance with 
the requirements of Ch 4,1 and Ch 4,2. The Special grade 
quality is to be used for anchor heads, shanks and shackles. 


Gitcis Hote maaan eens: Sneed consideration will 
be given to the use of other grades of steel for the manufac- 
ture of swivels. 


ipading: To confirm the ace a cast nena components, 
the surveyor may require drop and/or hammering tests to be 
carried out. 


1.3.5 When drop weight and hammering tests are 
required, they are to be carried out as follows: 


(a) Each anchor, or the components of an anchor made 
from more than one piece, is to be dropped from a clear 
height of 4 m on to a steel slab laid on a solid founda- 
tion. 

(b) Separately cast flukes, aad shanks and shackles are to 


be suspended horizontally from a clear height of 4 m 
before being dropped. 
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Anchors cast in one piece are to be drop tested twice 
from a clear height of 4 m. For the first test, the shank 
and flukes are to be horizontal. For the second test, two 
steel blocks are to be placed on the slab, arranged so 
that the middle of each fluke makes contact with the 
blocks without the crown making contact with the slab, 
and the orientation of the anchor is to be vertical with the 
crown nearest the slab. 

If the slab is broken by the impact, the test is to be 
repeated on a new slab. 


(Cc) 


(d) 


1.3.6 When hammering tests are required, they are to be 
carried out after the drop test on each anchor head and 
shank, which is slung clear of the ground, using a non- 
metallic sling, and hammered to check the soundness of the 
component. A hammer of at least 3 kg mass is to be used. 


1.3.7 Repair of fractures or unsoundness detected 
during the drop or hammering tests are not permitted and the 
component is to be rejected. 


1.4 Forged steel anchors 

1.4.1 Forged steel anchor heads pins, swivels, shanks 
and shackles are to be manufactured and tested in accor- 
dance with the requirements of Ch 5,1 and Ch 5,2 carbon 
and carbon-manganese steel for welded construction. Rolled 
steel bar may be used provided that the requirements of 
Ch 5,1.2.9 are met. 


1.4.2 Special consideration will be given to other grades 
of steel for the manufacture of swivels. 


Fabricated steel anchors 


Sha cncieats qobcbe Panto eee Bi is ve = 
carried out as required in the approved welding procedure. 


1.6 Rectification 
7.6.1 All rectification is to be agreed with the Surveyor. 
1.6.2 Rectification of defective castings is to be carried 


out in accordance with Ch 4,1.9. 


1.6.3 Rectification of defective forgings is to be carried 
out in accordance with Ch 5,1.9. 


1.6.4 Rectification of defective fabricated anchors is to be 
carried out by suitably qualified welders within the parameters 
of the approved welding procedure used in construction. 
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1.7 Assembly 
todo tl Assembly and fitting is to be carried out in accor- 
dance with the approved design. 


oto2 Securing of anchor pins, shackle pins or swivels by 
welding is to be carried out by suitably qualified welders in 
accordance with an approved welding procedure. 


4.6 1.8 Proof test of anchors 


+644 1.8.1 Anchors having a mass of 75 kg or more 
inclusive of stock (66 kg in the case of high holding power 
anchors) are to be tested in the presence of the Surveyor at a 
proving establishment recognized by LR. A list of recognized 
proving establishments is published separately by LR. In 
addition to the requirements stated in this Chapter, attention 
must be given to any relevant statutory requirements of the 
National Authority of the country in which the ship or mobile 
offshore unit is to be registered. 


+62 1.8.2 The anchor is to be visually examined 
before application of the proof test load to ensure that it is free 
from surface defects of a harmful nature. 


463 1.8.3 As required by +64 1.8.1, each anchor is 
to be subjected to a proof loading test in an approved testing 
machine and is to withstand the load given in Table 10.1.1 for 
the appropriate mass of the anchor. The proof load is to be 
applied on the arm or on the palm at a spot which, measured 
from the extremity of the bill, is one-third of the distance 
between it and the centre of the crown. For stocked anchors, 
each arm is to be tested individually. For stockless anchors, 
both arms are to be tested at the same time, first on one side 
of the shank, then reversed and tested on the other. 


+64 1.8.4 The general arrangements for the test are 
to be such that the complete anchor, including the shackle, 
shackle pins and any welded or bolted connections are 
included in the test. If a replacement shackle is needed which 
requires welding or heating for fitting, the combined anchor 
and shackle are to be proof load tested. If welding or heating 
is not involved in fitting, the shackle may be proof load tested 
separately from the anchor. 


46-5 (ek The mass to be used in Table 10.1.1 is: 

(a) For stockless anchors, the total mass of the anchor. 

(b) For stocked anchors, the mass of the anchor excluding 
the stock. 

(c) For high holding power anchors, a nominal mass equal 
to 1,33 times the actual total mass of the anchor. 

(d) For mooring anchors, including positional mooring 
anchors, a nominal mass equal to 1,33 times the actual 
total mass of the anchor, unless specifically agreed 
otherwise. 

(e) For super high holding power anchors, a nominal mass 
equal to twice the actual total mass of the anchor. 

4646 1.8.6 For positional mooring anchors, the proof 


test loading is to be that required by +6-3 1.8.3 or 50 per cent 
of the minimum break strength of the intended anchor line, 
whichever is the greater. 
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+6 1.8.7 The gauge length is to be measured with 


10 per cent of the required load applied, before and after 
proof test. The two measurements shall differ by no more than 
1 per cent. The gauge length is the distance between the tip 
of each fluke and a point on the shank adjacent to the shackle 
pin, see Fig. 10.1.1. 


1.9 Non-destructive testing 

Lal All parts must have a clean surface consistent with 
the method of manufacture and be free from cracks, laps, 
notches, inclusions and other defects which would be 
detrimental to service performance. 


1.9.2 After proof testing all accessible surfaces are to be 
visually inspected by the Surveyor. 


7.9.3 Each cast anchor head, shank, shackle and swivel 
is to be subjected to magnetic particle or dye penetrant 
inspection on all surfaces. For ordinary and HHP anchors, 
where drop and hammering tests have been carried out, the 
inspection may be restricted to the areas around runners and 
risers, or where excess material has been removed by 
thermal methods and weld repairs. 


1.9.4 Each casting is to be subjected to ultrasonic 
inspection in the region of runners and risers, or where 
excess material has been removed by thermal methods. This 
examination is to extend around the whole periphery of the 
casting and for a distance of t/3 beyond the area affected, 
where t is the maximum thickness. In addition, random areas 
are to be selected by the Surveyor and examined. 


1.9.5 Ultrasonic testing is not required for ordinary and 
HHP anchors where drop and hammering tests have been 
carried out. 


1.9.6 All fabrication and repair welds are to be subjected 
to magnetic particle or dye penetrant inspection. 


1.9.7 Paint or anti-corrosive coatings are not to be 
applied until these inspections are completed to the 
satisfaction of the Surveyor. 


1.10 Clearances and tolerances 

1.10.1 Where no fitting tolerances are specified on the 
approved plans the following assembly and fitting tolerance 
are to be applied. 


1.10.2 The clearance either side of the shank within the 
shackle jaws and the shackle pin in the shank end hole is to 
be no more than 3 mm for small anchors up to 3 tonnes, 
4 mm for anchors up to 5 tonnes, 6 mm for anchors up to 
7 tonnes and is not to exceed 12 mm for larger anchors. 


1.10.3 The shackle pin is to be a push fit in the eyes of the 
shackle, which are to be chamfered on the outside to ensure 
a good tightness when the pin is clenched over on fitting. The 
shackle pin to hole tolerance is to be no more than 0,5 mm 
for pins up to 57 mm and 1,0 mm for pins of larger diameter. 


1.10.4 The trunnion pin is to be a snug fit within the 
chamber and be long enough to prevent horizontal 
movement. The gap is to be no more than 1 per cent of the 
chamber length. 


7.10.5 The lateral movement of the shank is not to exceed 
3 degrees from the centreline datum, see Fig. 10.1.2. 


47 1.11 Identification 


44 1.11.1 All identification marks are to be stamped 
on one side of the anchor reserved solely for this purpose. 


+42 Bie 
anchors: 

a) LRor Lloyd’s Register and abbreviated name of LR’s 
local office issuing the certificate. 

b) Number of the certificate. 

c) Month and year of test. 

d) Mass (also the letters ‘HHP’ when approved as high 
holding power anchors). 

e) Mass of stock (in the case of stocked anchors). 

f} National Authority requirements, as applicable. 

(g) Manufacturer's mark. 


+3 ie In addition to +42 1.11.2, each important 
part of an anchor is to be plainly marked by the maker with 
the words ‘forged steel’ or ‘cast steel’ as appropriate. 
Fabricated steel anchor heads do not require special 
marking. 


The following details are to be shown on all 


4.8 1.12 Certification 


+82 1.12.1 The manufacturer is to provide the 
Surveyor with a written statement that the anchor has been 
manufactured and tested in accordance with LR Rules 
together with the following particulars: 

a) Purchaser’s name and order number. 

b) Type of anchor and principal dimensions. 

c) Mass of anchor. 

d) Identification mark which will enable the full history of 
manufacture to be traced. 

e) Chemical composition. 

f) Details of heat treatment. 

g) Mechanical test results. 

h) Proof load. 

() | Results of the non-destructive examination. 

k) Weld repair details (cast steel anchors only). 
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1.12.2 Shanks, heads, pins, shackles and swivels are to 
be certified by LR in accordance with the relevant sections of 
Chapters 3, 4 and 5. 


1.12.3 ALR Anchor Certificate is to be issued for the 
completed anchor which will include the following details: 
Manufacturer's name 

Type of anchor 

Mass of anchor 

Grade of materials 

Proof test load 

Heat treatment 

Marking applied to anchor 

Dimensions 

General Approval of an Anchor Design Certificate 
Number. 


S&S 


SEece 


=S650 


Fig. 10.1.2 Allowable lateral movement of shank 
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Part 2, Chapter 11 
Approval of Welding Consumables 


Effective date 1 July 2006 


a Section 7 
General 
1.2 Grading 
o2) Test assemblies are not to be subjected to any heat 


treatment, except in those higher strength grades where it is 
considered necessary to use the welded joint in the stress 
relieved (tempered) condition. In those cases, the code 'sr' 
will be added to the approval grade. 


+25 1.2.6 Further details of grading are given in 
subsequent Sections of this Chapter. 


g Section 3 
Electrodes for manual and gravity 
welding 

3.1 General 

Sh A) Where an electrode is submitted only for approval 


for fillet welding and to which the butt weld test provided in 
3.3 is not considered applicable, approval tests are to consist 
of the fillet weld tests as given in 3.5 and deposited metal 
tests with chemical analyses as given in 3.2. 


3.1.10 Where an electrode is submitted for approval of 
both butt and fillet welding, approval tests are to include the 
deposited metal tests as given in 3.2, the butt weld tests as 
given in 3.3, and only one fillet weld test as given in 3.5 
welded in the horizontal-vertical position. 


Table 11.3.1 Minimum low hydrogen approval 
requirements for manual and gravity 


electrodes 


Approval grades 


Low hydrogen grade required 


NR 
H15 (see Note 2) 


1 (1N), 2 (2N), 3 (BN) 
2Y, 3Y, 4Y 

2Y40 to 5¥40 4Y40 
3Y42 to 5Y42 

3Y46 to 5Y46 

3Y50 to 5Y50 

3Y55 to 5Y55 

3Y62 to 5Y62 

3Y69 to 5Y69 

11/2 Ni 

31/2 Ni 

5 Ni 

9 Ni 


NR (see Note 3) 
NR (see Note 3) 


NOTES 

. NR-Not required, but approval can be sought, if desired. 

. Optional in this case. If low hydrogen approval is not 
obtained, there is a limitation on the carbon equivalent of the 
steel which is permitted to be welded. 

. Assumes use of an austenitic, non-transformable, filler material. 


18 


3.3 Butt weld test assemblies 


3.3.3 The grades of steel used for the preparation of the 
test assemblies are to be as follows: 


Grade 1 (1N) electrodes A 
Grade 2 (2N) electrodes A, Bor D 
Grade 3 (3N) electrodes A,B, DorE 
Grade 2Y electrodes AH32, AH36, DH32 or 
DH86 
Grade 38Y electrodes AH82, AH36, DH32, 
DH86, EH32 or EH36 
Grade 4Y electrodes AH32 
AH36, DH32, 
DHS86, EH32, 
EH86, FH82 or FH36 
Grade 2Y40 electrodes AH40 or DH40 
Grade 3Y40 electrodes AM40-or-DE40 


AH40, DH40 or EH40 
AH40-DH40-6r EH40 
AH40, DH40 EH40 or 
FH40 

Where Grade 32 higher tensile steel is used, the tensile 
strength is to be not less than 490 N/mm?. The chemical 
composition, including the content of grain refining elements, 
is to be reported in all cases where higher tensile steel is used. 


Grade 4Y40 electrodes 


36 3.5 Fillet weld test assemblies 


Existing paragraphs 3.6.1 to 3.6.5 have been renumbered 
3.5.1 to 3.5.5. 


3:7 3.6 Electrodes designed for deep penetration 
welding 


Existing paragraphs 3.7.1 to 3.7.6 have been renumbered 
3.6.1 to 3.6.6. 


S++ |3.6.1 Where an electrode is designed solely for 
the deep penetration welding of downhand butt joints and 
horizontal-vertical fillets in normal tensile strength steel, only 
the tests detailed in 3-8 3.7 and 3-8 3.8 are required for 
approval purposes. 


Table 11.3.2 


Grade 
(see Note 3) 


Yield stress 
N/mm2 minimum 


Tensile strength 
N/mm? 
(see Note 1) 


Requirements for deposited metal tests (covered electrodes) 
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(Part only shown) 


Charpy V-notch impact tests 


Elongation on 50 mm 
% minimum 


Test temperature 
°C 


Average energy 
(see Note 2) 


J minimum 


sto—690 
530 — 680 
570 — 720 
610-770 
670 — 830 
720 — 890 
770 — 940 


Table 11.3.3 


Grade 
(see Note 3) Tensile strength 


N/mm2 


1N, 2N, 3N 400 


1Y, 2Y, 38Y, 4Y 490 


2Y40 510 


Requirements for butt weld tests (covered electrodes) 


Bend test 
ratio: 


-6O 
-60 
-60 
-60 
—60 
-60 
-60 


(Part only shown) 


Charpy V-notch impact tests 


Average energy 
(see Note 1) 


Test temperature J minimum 


°C 
All positions 
(see Note 2) 
+20, 0, -20 


+20, 0, —-20, -40 


3Y40 
3Y42 
3Y46 
3Y50 


510 
530 — 680 
570 — 720 
610-770 
670 — 830 
720 — 890 
770 — 940 


3Y55 
3Y62 
3Y69 


anngkKR KRW 


AY40 
AY42 
AY46 
4Y50 
AY55 
4Y62 
4Y69 


510 
530 — 680 
570 — 720 
610-770 
670 — 830 
720 — 890 
770-940 


aannankKR KRW 


Bx40 
5Y42 
5Y46 
5SY50 
5Y55 
5Y62 
5SY69 


sto 
530 — 680 
570 — 720 
610-770 
670 — 830 
720 — 890 
770 — 940 


3-43 (B68 Where a manufacturer recommends that 
an electrode having deep penetrating properties can also be 
used for downhand butt welding of thicker plates with 
prepared edges, the electrode will be treated as a normal 
penetration electrode, and the full series of tests in the down- 
hand position is to be carried out, together with the deep 
penetration tests given in 3-8 3.7 and 3-8 3.8. 


344 3.6.4 Where a manufacturer desires to demon- 
strate that an electrode, in addition to its use as a normal 
penetration electrode, also has deep penetrating properties 
when used for downhand butt welding and horizontal fillet 
welding, the additional tests given in 3-8 3.7 and 3-9 3.8. are 
to be carried out. 


anngnkKR KRW 
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38 3.7 Deep penetration butt weld test assemblies 
Existing paragraphs 3.8.1 to 3.8.4 have been renumbered 
8.7.1 to 3.7.4. 

3-9 3.8 Deep penetration fillet weld test assemblies 


Existing paragraphs 3.9.1 to 3.9.3 have been renumbered 
3.8.1 to 3.8.3. 
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3-40 3.9 Electrodes designed for gravity or contact 
welding 


Existing paragraphs 3.10.1 to 3.10.3 have been renumbered 
3.9.1 to 3.9.3. 


3-4 3.10 Certification 
Existing paragraphs 3.11.1 to 3.11.2 have been renumbered 
3.10.1 to 3.10.2. 


3-42 3.11 Annual tests 
Existing paragraphs 3.12.1 to 3.12.5 have been renumbered 
3.11.1 to 3.11.5. 


o-t+22 3.11.2 Where an electrode is approved solely for 
deep penetration welding, the annual test is to consist of one 
butt welded test assembly. This is to be prepared and tested 
in accordance with 3-8 3.7. 


342-3 3.17.3 Where an electrode is approved for both 
normal and deep penetration welding, annual tests as detailed 
in $424 3.11.1 and 3422 3.11.2 are to be carried out. 


342-5 3.17.5 Where an electrode is approved for both 
manual and gravity welding, annual tests as detailed in 3424 
3.11.1 and 342-4 3.11.4 are to be carried out. 


tz) Section 4 
Wire-flux combinations for 
submerged-arc automatic welding 
4.4 Butt weld test assemblies (multi-run technique) 
4.4.2 The grades of steel used for the preparation of the 


test assembly is are to be as follows: 


Grade 1 wire-flux combination A 
Grade 2 wire-flux combinations A, Bor D 
Grade 3 wire-flux combinations A, B, DorE 
Grade 1Y wire-flux combination AH82 or AH36 
Grade 2Y wire-flux combinations AH82, AH36, 
DH82 or DH386 
Grade 3Y wire-flux combinations AH82, AH36, 
DH32, DH36, 
EH82 or EH36 
Grade 4Y wire-flux combinations AH832, AH36, 
DH32, DH36, 
EH82, EH36, 
FH832 or FH36 
Grade 2Y40 wire-flux combination © AH40 or DH40 
Grade 3Y40 wire-flux combinations AH40-orDH490 
AH40, DH40 or 
EH40 
Grade 4Y40 wire-flux combinations AH40-DH40-or 
EH40 
AH40, DH40, 


EH40 or FH40 
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Where Grade 32 higher tensile steel is used, the tensile 
strength is to be not less than 490 N/mm?. The chemical 
composition, including the content of grain refining elements, 
is to be reported in all cases where higher tensile steel is used. 


4.4.5 Welding is to be carried out in the downhand 


position by the multi-run technique, and the welding conditions 
are to be the same as those adopted for the deposited metal 
test assembly. The back sealing run is to be applied in the 
downhand pesttion after cutting out the root run to clean metal. 


4.6 Butt weld test assemblies (two-run technique) 


4.6.3 Each butt weld is to be welded in two runs, one from 


each side, using amperages, voltages and travel speeds in 
accordance with the recommendations of the manufacturer 
and normal good welding practice. After completion of the first 
run, the flux and welding slag are to be removed and the 
assembly is to be left in still air until it has cooled to less than 
100°C, the temperature being taken in the centre of the weld, 


on the SHHTace of ines seam. es es 


Table 11.4.1 Minimum low hydrogen approval 
requirements for wire-flux 


combinations 


Approval grade 'H' grade 


for Multi-run 


'H' grade for 
Two-run 


1 (1N), 2 (2N), 3 (8N) 
1Y, 2Y, 3Y, 4Y 
2Y40 to 8¥40 4Y40 
8Y42 to 5Y42 
3Y46 to 5Y46 
3Y50 to 5Y50 
8Y55 to 5Y55 
8Y62 to 5Y62 
3Y69 to 5Y69 
11/2 Ni 
31/2 Ni 
5 Ni (see Note 2) 
9 Ni (see Note 2) 


NOTES 


1. NR - Not required, but approval can be sought, if desired. 
2. Assumes use of an austenitic, non-transformable, filler material. 


Table 11.4.2 


Yield stress 
N/mm2 
minimum 


Tensile 
strength 
N/mm2 


Elongation on 
50 mm 
% minimum 
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Requirements for deposited metal tests (wire-flux combinations) (Part only shown) 


Charpy V-notch impact tests 


Test 
temperature 
°C 


Average energy 
(see Note) 
J minimum 


1N, 2N, 3N 
1Y, 2Y, 3Y, 4Y 


2Y40 


305 


875 


400 


400 — 560 
490 — 660 


510 - 690 


22 


22 


+20, 0, -20 


+20, 0, -20, -40 


34 


3Y40 
3Y42 
3Y46 
3Y50 
3Y55 
3Y62 
3Y69 


400 
420 
460 
500 
550 
620 
690 


510 - 690 
530 — 680 
570 — 720 
610-770 
670 — 830 
720 — 890 
770-940 


4Y4O 
4Y42 
A4Y46 
4Y50 
4Y55 
4Y62 
A4Y69 


510 - 690 
530 — 680 
570 — 720 
610-770 
670 — 830 
720 — 890 
770-940 


Bx440 
5Y42 
5Y46 
5Y50 
5Y55 
5Y62 
5Y69 


Table 11.4.3 


sto—690 
530 — 680 
570 — 720 
610-770 
670 — 830 
720 — 890 
770-940 


Tensile 
strength 
N/mm2 


Requirements for butt weld tests (wire-flux combinations) 


Bend test 
ratio: 


(Part only shown) 


Charpy V-notch impact tests 


Test 
temperature 
°C 


Average energy 
(see Notes 1 and 2) 
J minimum 


1N, 2N, 3N 
TY, 2Y, 3Y, 4Y 


2Y40 


400 
490 


510 


+20, 0, -20 


+20, 0, -20, -40 


34 


3Y40 
8Y42 
3Y46 
3Y50 
8Y55 
38Y62 


3Y69 


510 
530 — 680 
570 — 720 
610-770 
670 — 830 
720 — 890 
770 — 940 


510 
530 — 680 
570 — 720 
610-770 
670 — 830 
720 — 890 
770 — 940 


annkKRARW wo wo 


angakKRAROW 


540 
530 — 680 
570 — 720 
610-770 
670 — 830 
720 — 890 
770 — 940 
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Annual tests 


a Section 5 5.5 
Wires and wire-gas combinations 
for manual, semi-automatic and 
automatic welding 


CORRIGENDUM 


5.2 Approval tests for manual and semi-automatic 
multi-run welding 


5.2.9 Fillet weld test assemblies as detailed in 3-6-aAd3-6 
3.5 are to be prepared, examined and tested. 


Table 11.5.1 Minimum low hydrogen approval requirements for wires and wire-gas combinations (Part only shown) 


'H' grade for 


Approval grade 


mand S 
techniques 


'H' grade for 
M technique 


'H' grade for 
T technique 


1 (1N), 2 (2N), 3 (BN) 
TY, 2Y, 3Y, 4Y 
2Y40 to S¥40 4Y40 
8Y42 to 5Y42 


NR 

H15 (see Note 2) 
H15 
H10 


a Section 7 
Consumables for use in one-side 
welding with temporary backing 
materials 


|_| Section 6 
Consumables for use in electro- 
slag and electro-gas welding 


6.2 Butt weld test assemblies 
7.2 Approval tests for manual (m), semi-automatic 
6.2.7 The results of all longitudinal tensile tests are to (S) and automatic multi-run (M) techniques 
comply with the requirements of Table 11.4.2,-exceptthatfor 
Grades and 3¥ the-tonsite-strengih-is_to-be-retless 7.2.5 


The results of all longitudinal tensile tests are to 


than-40o-hiAram=. comply with the requirements in Table 11.3.2-exceptthatter 
C y ay 2 ; 
tharn—400-NArara=. 

Table 11.7.1 Minimum low hydrogen approval requirements for one-side welding with combinations including 


temporary backing material (Part only shown) 


Approval grades 


'H' grade for 
mand S 
techniques 


'H' grade for 'H' grade for 
M A 
technique technique 


1 (1N), 2 (2N), 3 (BN) 
1Y, 2Y, 3Y, 4Y 
2Y40 to 6¥40 4YA0 
3Y42 to BY42 


NR 

H15 (see Note 2) 
H15 
H10 
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a Section 9 
Consumables for welding 
aluminium alloys 

9.1 General 

9.1.8 All butt test assemblies are be subjected to both 


radiographic and visual examination and imperfections such 
as lack of fusion, lack of penetration, cavities, inclusions, 
pores and cracks assessed in accordance with Intermediate 
Level C of ISO 10042, aided where necessary by dye 
penetrant and ultrasonic examination. 


9.1.9 Fillet weld test assemblies and macro-sections are 
to be visually examined for imperfections, such as lack of 
fusion, lack of penetration, cavities, inclusions, pores and 
cracks, in accordance with Intermediate Level C of ISO 
10042, aided where necessary by radiographic and dye 
penetrant examination. 


Butt weld test assemblies 


poo Rea NDE. aera are to be 


assessed in accordance with 9.1.8. 


9.4.6 The test specimens are to be taken from the 
welded assemblies as shown in Fig. 11.9.2 and Fig. 11.9.3. 
For each assembly they are to comprise: 

e 2 transverse tensile specimens; 

2 face bend specimens; and 

2 root bend specimens. 


Existing paragraphs 9.4.9 and 9.4.10 have been renumbered 
9.4.8 and 9.4.9. 


9.5 Fillet weld test assembly 


CORRIGENDUM 


9.5.1 One assembly is to be prepared and welded in the 
horizontal-vertical position and tested in accordance with the 
appropriate requirements of 3-6 3.5, except that the plates 
are to be of an aluminium alloy compatible with the weld 
metal, that no hardness tests are required and that for auto- 
matic multi-run approval only one fillet weld bead is to be 
made using the recommended wire diameter. In this case, 
the bead size is to be as large as the maximum single bead 
size recommended by the manufacturer for fillet welding. 


Effective date 1 July 2006 


9.5.2 The results of examination of the macro-specimens 
and the fractured fillet welds are to be reported in accordance 
with 3-6-3 3.5.3 and 3-6-6 3.5.5. Raricularattortoristobo 
giventetheoresence-ofanyperesity Imperfections are to be 


assessed in accordance with 9.1.9. 
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Table 11.9.1 Requirements for butt weld tests 


Bend test 
ratio 


Tensile 
strength 

N/mm2 
minimum 


Consumable 
Approval 
Grade 
(see Note 1) Base material 


used for the test 


RAAMA, 
LR RA/LR WA 


5754 190 


RBAVB 
LR RB/LR WB 


5086 240 


ROAWG. 
LRRCIARWC1 


5083 275 


LR RC2/LRWC2 
(see Note 2) 


5383 or 5456 290 


LRRC3/_LRWCS3 
(see Note 3) 


5059 330 


RBAND 
LR RD/LR WD 
(see Note 2 4) 


6005A 
6061 
6082 


170 
170 
170 


NOTES 

1. The prefixes ‘R’ and ‘W’ indicate ‘rod’ form (for Gas Tungsten 
Arc Welding (GTAW)) or ‘wire’ form (for Gas Metal Arc Welding 
ey) and SUN 


Approval of grade LR RC2/LR WC2 confers approval of 5383, 
5456 and 5083 base material grade. 

. Approval of grade LR RC3/LR WC8 confers approval of 5059, 
5383, 5456 and 5083 base material grades. 

. Approval of grade LR RD/LR WD confers approval of 6005A, 
6061 and 6082 base material grades. 


9.7 Butt weld test assemblies (two-run technique) 


9.7.4 The welded assemblies are to Be-exarminedpy 


raciegraphyorttrasenictesting te-cenfitm full perectraticn 
ancdnate-rintusios be subjected to NDE. Imperfections are to 
be assessed in accordance with 9.1.8. 
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Root bend | | [ 30 mm 


Face bend { 30 mm 


Root bend | 30 mm Transverse tensile | 35 mm 


Macro 


Face bend [ 30 mm 


[35 mm 


350 mm min 


Root bend | 30 mm 


Face bend | 30 mm 


350 mm min 


Root bend | 30 mm 


Transverse tensile | 35 mm 


Face bend { 30 mm 


Transverse tensile | 35mm j—-2 to3 mm 


350 mm min eae 


—>|-2 to3mm Fig. 11.9.3 
Butt weld test assembly 
(downhand, multi-run technique) 


350 mm min 5787/02 


Fig. 11.9.2 
Butt weld test assembly 
(positional, multi-run technique) 
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Part 3, Chapter 1 
General 


Effective date 1 July 2006 


5.2 


5.2.6 


Section 5 
Information required 


Plans and supporting calculations 


Ships that are required to comply with SOLAS 


Regulation 3-6 in chapter Il-1 for ‘Access to and within 
spaces in the cargo area of oil tankers and bulk carriers’ are 
to supply information showing attachment of the access 
arrangements to the ship structure. This is to include 
necessary strength calculations, local detail and any 
reinforcements. 


8.3 


Section 8 
Inspection, workmanship and 
testing procedures 


Testing procedures 


Table 1.8.1 Testing requirements (continuation) (Part only shown) 


NOTES 


1. 


Leak or hydropneumatic testing may be accepted, provided that at least one tank of each of structural configuration is structurally tested, 
to be selected in connection with the approval of the design. For chemical tankers, all cargo tank boundaries are to be structurally tested 
from at least one side, see also 8.3.8. 

When hose testing cannot be performed without damaging possible outfittings already installed, it may be replaced by a careful visual 
inspection of all the crossings and welded joints. Where necessary, dye penetrant test or ultrasonic leak test may be required. 

Testing of the aft peak is to be carried out after the sterntube has been fitted. 

The highest point of the tank is generally to exclude hatchways. In holds for liquid cargo or ballast with large hatch openings, the highest 
point of the tank is to be taken to the top of the hatch. 

f leak or hydropneumatic testing is carried out, arrangements are to be made to ensure that no pressure in excess of 0,30 bar 

0,30 kgf/cm?) can be applied. 

A minimum of every second hatch cover is to be tested. 

To be carefully examined with the vessel afloat. 

Alternative methods of testing will be considered. 

See also SOLAS Reg. II-1/18. Where the door has had the full hydrostatic test before installation, the hose test may be replaced by 
careful visual examination after full operational tests. 

Pressure/vacuum relief valve head to be taken as 12,0 p,m above the top of the tanks, where py is the maximum positive 
pressure/vacuum relief valve setting, in bar (kgf/cm2). 

Prior to performing the test, small access hatches having a smaller coaming height than the main hatch are to be fully closed. 

For those designs unable to apply the tank test requirements up to the top of the hatch coaming, the applied head is to be as close to the 
hatch coaming top level as is reasonably practical. 
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Part 3, Chapter 2 


Materials 
Effective date 1 July 2006 
a Section 17 
Materials of construction 
1.3 Aluminium 
Table 2.1.2 Minimum mechanical properties for aluminium alloys 


Condition 0,2% proof stress, N/mm2 Ultimate tensile strength, N/mm2 


Unwelded Welded Unwelded Welded 
(see Note 4) (see Note 4) 


5083 O/H111 125 125 275 275 


5083 H112 125 275 275 


5083 H116/H321 125 305 275 


5383 O/H1114 145 290 290 


5383 H116/H321 145 305 290 


5086 O/H111 95 240 240 


5086 H112 95 250 240 
(see Note 2) 


5086 H116/H321 95 275 240 


5059 O/H1114 160 330 330 


5059 H116/H321 160 360 330 


5456 O 125 285 285 


5456 H116 200 125 290 285 
(see Note 5) (see Note 5) 


5456 H321 215 125 305 285 
(see Note 5) (see Note 5) 


5754 O/H111 80 80 190 190 


6005A 5/T6 Extruded: Open Profi 215 260 
(see Note 1) Extruded: Closed Profi 215 100 250 160 


6061 Rolled 240 290 
(see Note 1) Extruded: Open Profile 240 125 260 160 
Extruded: Closed Profi 205 125 245 160 


6082 Rolled 240 280 
Extruded: Open Profile 260 125 310 190 
Extruded: Closed Profi 240 125 290 190 


NOTES 
1. These alloys are not normally acceptable for application in direct contact with sea-water. 
See also Table 8.1.4 in Pt 2, Ch 8. 
The mechanical properties to be used to determine scantlings in other types and grades of aluminium alloy manufactured to National or proprietary 
standards and specifications are to be individually agreed with LR, see also Pt 2, Ch 8,1.1.5. 

Where detail structural analysis is carried out, ‘Unwelded’ stress values may be used away from heat affected zones and weld lines, see also 1.3.3. 

For thickness is than 12,5 mm the minimum unwelded 0,2% proof stress is to be taken as 230 N/mm? and the minimum tensile strength is to be taken 
as 315 N/mm<. 
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Part 3, Chapter 10 
Welding and Structural Details 


Effective date 1 July 2006 


| Section 6 
Access arrangements for oil 
tankers and bulk carriers 

6.1 Application 

(6 hel Access arrangements are to be provided as 


required by SOLAS. 


6.2 Information for approval 

6.2.1 Details of the attachment of the access 
arrangements to the ship’s structure are to be submitted for 
approval and suitable designs are to take into account proper 
location, strength, detail and reinforcement of all attachments 
to hull structural members. 


Part 3, Chapter 11 
Closing Arrangements for Shell, Deck and Bulkheads 


CORRIGENDA 
a Section 17 
General 
1.1 Application 
aw, c er 


connectonwithintact stability see-Ch 3, } } i 7 7 7 


Existing paragraphs 1.1.5 to 1.1.15 have been renumbered 
1.1.4 to 1.1.14. 


(Part only shown) 

+16 [i The type of hatch covers on the weather 
decks of the basic ship types defined in ++6 1.1.4 are 
detailed below and may be used in the types of ships as indi- 
cated in Table 11.1.1: 


+48 (Rea "Tween deck hatch covers may be any of 
the types defined in ++6 1.1.5, but need not be weathertight 
unless fitted to deep tanks or water ballast holds or compart- 
ments, in which case the covers are to be of type (a) and 
oiltight or watertight as appropriate. 


Table 11.2.3 Parameters for direct calculations 


Location Item Loading 


i Section 2 
Steel hatch covers 
2.2 Webs and stiffeners 


(Part only shown) 


Permissible 
deflection, 
metres 


Permissible 
shear stress 
N/mm? (kgf/mm?) 


Permissible 
bending stress 
N/mm? (kgf/mm?) 


Steel weather- 
tight covers 


Uniformly distributed 
(weather load) 


0,869 0,469 0,0056/p 
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a Section 6 
Miscellaneous openings 


6.1 Small hatchways on exposed decks 


6.1.1 Hatches which: 

e are designed for access to spaces below the deck; 

e are capable of being closed weathertight or watertight, 
as applicable; 

¢ have an opening 2,5 m2? or less; 

e are located on the exposed deck over the forward 0,25L 
of the ship’s rule length; 

e are ona ship of sea-going service of length 80 m or 
more, where the height of the exposed deck in way of 
the hatch is less than 0,1L or 22 m above the summer 
load waterline, whichever is the lesser; 

are to comply with the requirements of 6.6. All other small 

hatchways or access openings in the positions defined in 

++ 1.1.6 are to comply with the following requirements. 


Effective date 1 July 2006 


ia) Section 9 
Watertight doors in bulkheads 
below the freeboard deck 


9.2 Watertight doors 


9.2.2 The scantlings of the watertight doors are to 
comply with Pt 4, Ch 1,9 using the actual stiffener spacing of 
the door. 


9.2.3 The scantlings of the frames of the watertight doors 
are to satisfy the requirements of watertight bulkheads given 
in Table 1.9.1 (5) in Pt 4, Ch 1,9 taking into account the 
arrangement of door stiffeners and securing arrangements. 


Existing paragraphs 9.2.2 to 9.2.5 have been renumbered 
9.2.4 to 9.2.7. 


Part 3, Chapter 12 
Ventilators, Air Pipes and Discharges 


CORRIGENDA 

ii) Section 7 
General 

1.1 Application 


a Section 5 
Air pipes, ventilator pipes and 
their securing devices located on 
the exposed fore deck 


5.6 Closing appliances for ventilators 


rte Section 2 
Ventilators 


2.3 Closing appliances 


Part 3, Chapter 13 


Part 3, Chapter 13 
Ship Control Systems 


Effective date 1 July 2006 


a Section 2 
Rudders 
2.4 Rudder stock and main bearing 
2.4.8 The design of the lowest bearing is to comply with 


the requirements of Table 13.2.6. Fitting of bearings is to be 
carried out in accordance with the bearing manufacturer's 
recommendations to ensure that they remain secure under all 
foreseen operating conditions. 


2.8 Pintles 

2.8.5 Fitting of pintle bearings is to be carried out in 
accordance with the bearing manufacturer's recommenda- 
tions to ensure that they remain secure under all foreseen 
operating conditions. 


283-5 2.8.6 Where an *IWS (In-water Survey) notation 
is to be assigned (see Pt 1, Ch 2,2.3.11), means are to be 
provided for ascertaining the rudder pintle and bush clear- 
ances and for verifying the security of the pintles in their 
sockets with the vessel afloat. 


286 2.8.7 For axle type rudder support used with 
Simplex rudders, see Ch 6,7. 
CORRIGENDUM 


Table 13.2.6 Bearing requirements for rudder stock 
and pintles (Part only shown) 


Item Requirement 


(4) Rudder stock 
main bearing wall 
thickness 


Lesser of 0268 or 100 
0,26 


See Note 2 


(5) Gudgeon thickness 
in way of pintle 
(measured outside 
bush if fitted) 


kg ba 20,258 but need not normally 
exceed 125mm 
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Effective date 1 July 2006 


a Section 7 
Equipment 

7.9 Structural requirements for windlasses on 
exposed fore decks 

7.9.1 Windlasses located on the exposed deck over the 


forward 0,25L of the rule length, of ships of sea-going service 
of length 80 m or more, where the height of the exposed deck 
in way of the item is less than 0,1L or 22 m above the summer 
load waterline, whichever is the lesser, are to comply with the 
following requirements. Where mooring winches are integral 
with the anchor windlass, they are to be considered as part 
of the windlass. 
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Part 4, Chapter 1 
General Cargo Ships 


Effective date 1 July 2006 


zB Section 4 
Deck structure 


4.4 Deck supporting structure 


Table 1.4.7 Pillars (Part only shown) 


Parameter Requirement 


(2) Minimum wall The greatest greater of the following: 
thickness of 
tubular pillars 


P 


mm 
le 

d,( 0,392 - 1,532 
- 


Pp 
. / 
. dp (0.04 -0,1862 ) ) mm 
‘ 


d 
=- —2 
age 
but not to be less than 
(c) t = 5,5 mmwhereL < 90M, or 
= 7,5 mm where L > 90m 


(3) Minimum wall : 
thickness of The lesser of (0) and (c) and not to be less 
hollow rectangu- | than (a): 
lar pillars or web P 
plate thickness (a) ¢t 


l 
of I or channel b (os — 1,95 a 
sections r 


mm 


P 


gle 
_ > (005-022 ) mm 


” br 
600 I, 


= imam 


55 
but to be not less than 
t 5,5 mm where L < 90 m, or 
7,5 mm where L > 90m 
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Part 4, Chapter 2 
Ferries, Roll on-Roll off Ships and Passenger Ships 


Effective date 1 July 2006 Table 2.11.2 Design pressure, Hg, on windows 


(Part only shown) 
a Section 11 


. . Window location Design pressure H, 
Miscellaneous openings praia Be nica 
11.3 Strength assessment of windows in large Between the design waterline and a 
passenger ships point Z, 5 m above the waterline Per BS MA 25: 1973 


Between a point 2; 5m above the 
waterline and the deck immediately 
above (at Zq4 5) 


Over the next 2 tweendeck heights 


0,25 sides and aft ends 
For subsequent decks to the top of 0,75 house fronts 
the navigation bridge 


From the top of the navigation bridge | 0,75 at top of navigation 
to the uppermost deck, for house bridge 

fronts 0 at uppermost 
continuous deck, with 
linear variation between, 
but not less than 0,25 


From the top of the navigation bridge | 0,25 
to the uppermost deck, at sides and 
aft ends 


Part 4, Chapter 7 
Bulk Carriers 


Effective date 1 July 2006 (bo) 100A1 bulk carrier, BC-A strengthened for heavy 
cargoes, holds (specific hold numbers) may be 

a Section 7 empty, ESP. This class will be assigned for bulk 
General carriers designed to carry dry bulk cargoes of cargo 


density 1,0 tonne/m? and above with specified holds 
empty at maximum draught, and which are in compli- 
ance with 1.3.2 as applicable. 

(c) 100A1 bulk carrier, BC-B, strengthened for heavy 
cargoes, ESP. This class will be assigned for bulk 
carriers designed to carry dry bulk cargoes of cargo 
density 1,0 tonne/m8 and above with all cargo holds 
loaded, and which are in compliance with 1.3.2 as 
applicable. 


1.5 Class notations for ships equal to or greater 
than 150 m in length 


7.5.1 In general, ships equal to or greater than 150 m in 

length, complying with the requirements of this Chapter will 

be eligible for one of the following class notations: 

(a) 100A1 bulk carrier, BC-A, strengthened for heavy 
cargoes, holds (all hold numbers) may be empty, 


ESP. This class will be assigned for bulk carriers te a ae $ 7 ) 
designed to carry dry bulk cargoes of cargo density 

F cearters-designedte-canmydrybulcargees-ofearge 
1,0 tonne/m3 and above with any holds empty at Sa: 
maximum draught, and which are in compliance with suena ; g 
1.3.2 as applicable. : 
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(d) 100A1 bulk carrier, BC-B, ESP. This class will be 
assigned for bulk carriers designed to carry dry bulk 
cargoes of cargo density 1,0 tonne/m3 and above with 
all cargo holds loaded, and which are in compliance 
with 1.3.2 as applicable. 


100A1 bulk carrier, BC-C, ESP. This class will be 
assigned for bulk carriers designed to carry dry bulk 
cargoes of cargo density less than 1,0 tonne/m? with 
all cargo holds loaded, and which are in compliance 
with 1.3.2 as applicable. 


Part 4, Chapter 9 
Double Hull Oil Tankers 


Effective date 1 January 2006 


| Section 7 
General 


1.4 Class notation 


1.4.4 At the Owner's request, the notation MARPOL 
13H(1)(6) may be appended to the notation 100A1 Double 
Hull Oil Tanker for vessels of less than 5000 tonnes 
deadweight which have a complete double hull in accordance 
with MARPOL 73/78 Annex | regulation 13H{(1)(b). 


Existing paragraphs 1.4.4 to 1.4.8 have been renumbered 
1.4.5 to 1.4.9. 


82 


Part 5, Chapter 1 


Part 5, Chapter 1 
General Requirements for the Design and Construction of Machinery 


Effective date 1 July 2006 


| Section 3 
Operating conditions 


362 BIZ Any proposal to deviate from the angles 
given in Table +384 1.3.2 will be specially considered taking 
into account the type, size and service conditions of the ship. 


36-3 38.7.3 The dynamic angles of inclination in 
Table +84 1.3.2 may be exceeded in certain circumstances 
dependent upon ship type and operation. The Shipbuilder is, 
therefore, to ensure that the machinery is capable of operat- 
ing under these angles of inclination. 


3.1 Availability for operation 
3.1.2 Machinery is to be sababte capable of operating at 


defined power ratings with a range of fuel grades specified by 
the engine manufacturer and agreed by the Owner/Operator. 


| Section 6 


3.6 Ambient operating conditions > 
Quality Assurance Scheme for 
3.6.1 Main and essential auxiliary machinery and equip- Machinery 
ment is to be capable of operating satisfactorily under the 
conditions shown in Table 1.3.1. 6.3 Arrangements for acceptance and 
certification of purchased material 
Table 1.3.1 Ambient operating conditions 6.3.2. Thealternatives proposed in 6.3.1(b) and (c) are not 
: acceptable to LR for the following items: 
Air pene : ee ; 
(a) | Engine components for which testing is a Rule requirement; 
Installations, Location, Temperature and 
Components arrangement range (°C) (i) the cylinder bore is equal to or exceeds 260--am 


Machinery and 
electrical 
installations 


In enclosed spaces 


0 to +45, see Note 1 


On machinery 
component, boilers. 
In spaces subject to 
higher and lower 
temperatures 


According to 
specific local 
conditions, 
see Note 2 


On the open deck 


-25 to +45, 
see Note 1 


Coolant 


Temperature (°C) 


Sea-water or charge air coolant inlet to 


charge air cooler 


+32, see Note 1 


NOTES 


1 


For ships intended to be classed for restricted service, a 


deviation from the temperatures stated may be considered. 
2. Details of local environmental conditions are stated in Annex B 
of IEC 60092: Electrical installations in ships — Part 107: 


300 mm; or 
(ii) | which are made by open forging techniques. 
(bo) Cast crankshafts where the journal diameter exceeds 
85 mm. 


Definitions and general requirements. 


Existing sub-Sections 3.6 to 3.8 have been renumbered 3.7 
to 3.9. 


Existing Table 1.3.1 has been renumbered Table 1.3.2. 


36 3.7 Inclination of ship 


3-6-4 (Gia Main and essential auxiliary machinery is to 


operate satisfactorily under the conditions as shown in Table 
+34 1.3.2. 
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Part 5, Chapter 2 
Oil Engines 


Effective date 1 July 2006 


a Section 7 
Plans and particulars 
1.1 Plans 
1.7.1 The following plans and particulars as applicable are 


to be submitted for consideration: 

e Crankshaft assembly plan (for each crank-throw). 

e — Crankshaft details plan (for each crank-throw). 

e Thrust shaft or intermediate shaft (if integral with engine). 

a 
Fhrstbeatagassemoh 

Output shaft coupling Geupstng bolts. 

Main engine heldiag-dowe securing arrangements where 

non-metallic chocks are used. 

e Type and arrangement of crankcase explosion relief valves. 

e = Arrangement and welding specifications with details of the 
procedures for fabricated bedplate, thrust bearing 
bedplate, crankcases, frames and entablatures. Details of 
materials welding consumables, fit-ujp conditions fabrica- 
tion sequence and heat treatments are to be included. 

e Schematic layouts of the following systems. See also 
1.1.4: 


Starting air. 

Oil fuel. 

Lubricating oil. 

Cooling water. 

Control and safety. 
Hydraulic oil (for valve lift) 

e — Shielding of high pressure fuel pipes. 

° Combustion pressure-displacement relationship. 

e — Crankshaft design data as outlined in Section 3. 

e High pressure parts for fuel oil injection system with 
specification of pressures, pipe dimensions and 
materials. 

e For new engine types that have not been approved by 
LR, the proposed type test programme. 

e _ The type test report on completion of type testing for a 
new engine type. For mass produced engines a 
separate report is to be submitted for each engine 
requiring approval, see 11.5. 

e The specification for a mass produced engine including 
manufacturing processes and quality control 
procedures, see 11.1.4 and 11.2.3. 

e Schematic layouts showing details and arrangements of 
oil mist detection/monitoring and alarm systems. 


1.1.2 The following plans are to be submitted for 

information: 

e Longitudinal and transverse cross-section. 

° Cast bedplate, thrust bearing bedplate, crankcase and 
frames. 

e Cylinder eever head assemblytreranciackeHerengine 
Bleck}. 

e ~— Cylinder liner. 

° Piston assembly. 

e Tie rod. 

e — Connecting rod, piston rod, and crosshead assemblies. 
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e — Camshaft drive and camshaft general arrangement. 

e Shielding and insulation of exhaust pipes. 

e _ Details of turbochargers, see Section 10. 

° Operation and service manuals. 

e Vibration dampers/detuners and moment compensators. 

e Thrust bearing assembly (if integral with engine and not 
integrated in the bedplate). 

e —Counterweights, where attached to crank-throw, including 
fastening. 

e Main engine holding down arrangement (metal chocks). 


1.1.4 Where engines incorporate electronic control 
systems, a failure mode and effects analysis (FMEA) is to be 
submitted to demonstrate that failure of an electronic control 
system will not result in the loss of essential services for the 
operation of the engine and that operation of the engine will 
not be lost or degraded beyond an acceptable performance 
criteria of the engine. This is concerned with the functioning 
of the control system and not failure of the software itself. 


Existing paragraphs 1.1.4 to 1.1.6 have been renumbered 
1.1.5 to 1.1.7. 


a Section 2 
Materials 
2.2 Material test and inspections 
Table 2.2.1 Test requirements for oil engine 


components 


NOTES 

1. For closed-die forged crankshafts the ultrasonic examination 
may be confined to the initial production and to subsequent 
occasional checks. 
Magnetic particle or liquid penetrant testing of tie rods may be 
confined to the threaded portions and the adjacent material 
over a length equal to that of the thread. 
Cylinder covers and liners manufactured from spheroidal or 
nodular graphite iron castings may not be suitable for 
ultrasonic NDE, depending upon the grain size and geometry. 
An alternative NDE procedure is to be agreed with LR. 
Bore dimensions refer to engine cylinder bores. 
All required material tests are to be witnessed by the Surveyor 
unless alternative arrangements have been specifically agreed 
by LR. 
For mass produced engines, see Section 11. 


a Section 3 


Design 
3.2 Information to be submitted 
3.2.1 In addition to detailed dimensioned plans, the 


following information is required to be submitted: 

(Part only shown) 

° All individual reciprocating masses acting on one crank, 
in kg. 

Material specification(s). 

Specified minimum UTS, in N/mm. 

Specified minimum yield strength, in N/mm2. 

Method of manufacture. 

Details of fatigue enhancement process (if applicable). 
For semi-built crankshafts — minimum and maximum 
diametral interference, in mm. 


3.3 Symbols 


3.3.7 For the purposes of this Chapter the following 
symbols apply, see also Fig. 2.3.2: 

= radial thickness of web, in mm 

k, = bending stress factor 

B = transverse breadth of web, in mm 

D; = outside diameter of pin or main journal, in mm 

= internal diameter of pin or main journal, in mm 

D,; = shrink diameter of main journal in web, in mm 

d, = diameter of radial oil bore in crankpin, in mm 
F 
Ky 


=> 
| 


= alternating force at the web centreline, in N 
= fatigue enhancement factor due to manufacturing 
process 
Ky = fatigue enhancement factor due to surface treatment 
My = alternating bending moment at web centreline, in 
N-mm_ (Note: alternating is taken to be 1/2 range 
value) 
Megon = alternating bending moment calculated at the outlet 
of crankpin oil bore 
M,, M, = undercut of fillet radius into web measured from 
web face, in mm 
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fillet radius at junction of web and pin or journal, 
inmm 
stroke, in mm 


= axial thickness of web, in mm 


alternating torsional moment at crankpin or crank 
journal, in N-mm_ (Note: alternating is taken to be 
1/2 range value) 

pin overlap 


D,+D,-S 
BADE 


bending stress concentration factor for crankpin 
torsional stress concentration factor for crankpin 
bending stress concentration factor for main jour- 
nal 

direct shear stress concentration factor for main 
journal 

torsional stress concentration factor for main 
journal 

bending stress concentration factor for radially 
drilled oil hole in the crankpin 

torsional stress concentration factor for radially 
drilled oil hole in the crankpin 

alternating axial stress, in N/mm2 


= alternating bending stress, in N/mm2 
= alternating bending stress in the outlet of the oil 


bore, in N/mm2 

maximum bending stress in pin and main journal 
taking into account stress raisers, in N/mm? 
maximum bending stress in the outlet of the oil 
bore, in N/mm? 

alternating direct stress, in N/mm2 

specified minimum UTS of material, in N/mm? 
specified minimum yield stress of material, 
in N/mm2 

alternating torsional stress, in N/mm? 

maximum torsional stress in pin and main journals 
taking into account stress raisers, in N/mm. 
maximum torsional stress in outlet of crankpin oil 
bore taking into account stress raisers, in N/mm2 


3336/03 


Fig. 2.3.2(a) Crank dimensions necessary for the calculation of stress concentration factors 
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3.4.4 Crankpin oil bore stress concentration factors for 
radially drilled oil holes: 


e Bending 
Ye = 3-5,88 ¢d, +34,6 ¢d,2 
e Torsion 


yr = 4-6°d,+30°d, 


344 3.4.5 Where experimental measurements of the 
stress concentrations are available these may be used. The 
full documented analysis of the experimental measurements is 
to be submitted for consideration. 


3.4.6 In the case of semi-built crankshafts when Mp > Ro 

the web thickness is to be taken as: 
Tred = T-(My-FRp) and the web width B is to be taken in 
way of the crankpin fillet radius centre see 


Crankshaft without overlap Fig. 2.3.2. 


Fig 2.3.2(b) 
Crank dimensions for crankshaft without overlap 3.5 Nominal stresses 


3.5.4 Nominal alternating bending stress in the outlet of 
the crankpin oil bore: 


3.4 Stress concentration factors a Mon 
O0N = = F 
crankpin 
. where 
Table 2.3.1 Crankshaft variables Meon is taken as the 1 range value Mgon = 


+ 2 (MBomax — Msomin) 


Variable and 
Upper Mpo = (Mpto Cosy + Mppo siny) see Fig. 2.3.3 
2,20 The two relevant bending moments are taken in the crankpin 
0,80 cross-section through the oil bore. 
0,00 0,80 Mpro = bending moment of the radial component of 
0,00 fig 
J the connecting-rod force 


3R.9 o> 
DUD 

= SO 
oY 


my = M, 0,00 r 
ra =F 0,03 8.13 Mepto = bending moment of the tangential component 
iT = 0,03 0,13 of the connecting-rod force 
"p = 0,03 0,13 T p4 a a4 
t = M/Dp 0,20 0,80 Zorankpin = yy ~~ Zerankpin related to the cross- 
t = Treg/Dp see Note 3 0,20 0,80 32. —=—«~O 
= dy/D 0,00 0,20 section of axially bored crankpin. 


U/D, see Note 2 0,60 0-49 0,50 


NOTES Existing paragraph 3.5.4 has been renumbered 3.5.5. 
1. Where variables fall outside the range, alternative methods 


are to be used and full details submitted for consideration. 35-5 3.5.6 Nominal stress is referred to the web 
ae ache ; cross-section area or the pin cross-section area as applicable. 


2. A lower limit of u can be extended down to large negative 


values provided that: Existing paragraphs 3.5.6 to 3.5.8 has been renumbered 
(i) If calculated f(rec) < 1 then the factor f(rec) is not to be 3.5.7 to 3.5.9. 
considered (f(rec) = 1) 
ii) If —0,5 then f(ut f t luat laci ‘ F , 
(i ee nate Pane eu Pel ete renee octal) 3o9 3.5.10 Nominal alternating torsional stress: 
For crankshafts without overlap see a/so 3.4.6. Ta 9 
tT =+— 5 - N/mm 
T 
where 
(Part only shown) Z;, = torsional modulus of crankpin and main journal 
3.4.3 Crank journal stress concentration factors (not 5 mms’ 
applicable to semi-built crankshafts): D 
TU ‘D4 = a4 3 
= == mm 
i6[ | 
D = outside diameter of crankpin or main journal, 
inmm 
d = inside diameter of crankpin or main journal, in mm. 
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Fig. 2.3.3 Crankpin section through the oil bore 


cu is to be ascertained from assessment of the 
torsional vibration calculations where the maximum 
and minimum torques are determined for every 
mass point of the complete dynamic system and 
for the entire speed range by means of a harmonic 
synthesis of the forced vibrations from the 1st order 
up to and including the 15th order for 2-stroke 
cycle engines and from the 0,5th order up to and 
including the 12th order for 4-stroke cycle engines. 
Whilst doing so, allowance must be made for the 
damping that exists in the system and for 
unfavourable conditions (misfiring in one of the 
cylinders when no combustion occurs but only 
compression cycle). The speed step calculation 
shall be selected in such a way that any resonance 
found in the operational speed range of the engine 
shall be detected. 


3.5.11. For the purpose of the crankshaft assessment, the 
nominal alternating torsional stress considered in calculations 
is to be the highest calculated value, according to the method 
described in 3.5.9, occurring at the most torsionally loaded 
mass point of the crankshaft system. 


3.5.12 The approval of the crankshaft will be based on the 
installation having the largest nominal alternating torsional 
stress (but not exceeding the maximum figure specified by the 
engine manufacturer). For each installation it is to be ensured 
by calculation that the maximum approved nominal alternating 
torsional stress is not exceeded. 


Existing paragraph 3.5.10 has been renumbered 3.5.13. 
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3.6 Maximum stress levels 


3.6.2 Outlet of crankpin oil bore 
e Maximum alternating bending stress: 
Sg0 = YB (SBon + Fax) N/mm? 
where 
Ya = bending stress concentration factor, see 3.4.4 
e Maximum alternating torsional stress: 
Tob = Yrta N/mme 


where 
Yt = torsional stress concentration factor, see 3.4.4 
Tt, = nominal alternating torsional stress in crankpin 


N/mm2 


(Part only shown) 
362 3.6.3 
built crankshafts). 


Crank journal fillet (not applicable to semi- 


3.7 Equivalent alternating stress 


Siilo2 Equivalent alternating stress for the outlet of the 
crankpin oil bore Gggp, is defined as: 


Omatoe 


go 2 
an Sho N/mm 


1 
Ogob = +3 So 142 1 


3.8 Fatigue strength 


3.8.1 The fatigue strength of a crankshaft is based upon 
the crankpin and crank journal as follows: 


Opp = Ky Kp (0,420, + 39,3) 


785-Gy 196 | 1 
-0,2 
(0,264 + 1,073D, +4900. + oy R, ) 


To calculate the fatigue strength in the oil bore area, replace 
Po with Ved, and Ofp with Ofob: 
Oj = Ky Kp (0,420, + 39,3) 


785 — 0 
(264 + 1,073D;0.2 + Mas MOO 5h 21 ) 
4900 ~ o | R 


oy = UTS of crankpin or crank journal as appropriate 
K, = fatigue endurance factor appropriate to the 
manufacturing process 
= 1,05 for continuous grain-flow (CGF) or die-forged 
= 1,0 for freeform forged (without CGF) 
= 0,93 for cast steel manufactured using a LR 
approved cold rolling process 
Ky = fatigue enhancement factor for surface treatment. 
These treatments are to be applied to the fillet radii 
A value for Ky will be assigned upon application by the engine 
designers. Full details of the process, together with the results 
of full scale fatigue tests will be required to be submitted for 
consideration. Alternatively, the following values may be taken 
(surface hardened zone to include fillet radii): 
Ky = 1,15 for induction hardened 
= 1,25 for nitrided 
Where a value of K; or Ky greater than unity is to be applied 
then details of the manufacturing process are to be submitted. 
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3.9 Acceptability criteria 
3.9.1 The acceptability factor, Q, is to be greater than 
1b: 
OF 
Qs 6, OF crankpin, aad journal and the outlet of 
crankpin oil bore 
where 
Of = Sfp or OF; OF Of ob 
Og = Sep Of Ogj OF Oeob: 
3.10 Oil hole 
3.10.1 The junction of the oil hole with the crankpin or main 


journal surface is to be formed with an adequate radius and 
smooth surface finish down to a minimum depth equal to 
1,5 times the oil bore diameter. 


3.10.3 When journal diameter is equal or larger than the 
crankpin diameter, the outlets of main journal oil bores are to 
be formed in a similar way to the crankpin oil bores, otherwise 
separate fatigue strength calculations or, alternatively, fatigue 
test results may be required. 


3.11 Shrink fit of semi-built crankshafts 

3.11.1. The maximum permissible internal diameter in the 
journal pin is to be calculated in accordance with the following 
formula: 


4Q00FOS Mina 
i Ut D2 fhe Oy; 


where the symbols are as defined in 3.11.7. 


3.11.2 When 3.11.1 can not be complied with, then 3.11.7 
is not applicable. In such cases Spin ANd Sax are to be 
established from FEM calculations. 


Existing paragraphs 3.11.1 to 3.11.6 have been renumbered 
3.11.3 to 3.11.8. 


3-+48 3.11.7 The proposed diametral interference is to 
be within the following limits, see also Fig. 23-3 2.3.4: 

The minimum required diametral interference is to 
be taken as the greater of: 


12,156 x 106 (FoS) P k2 - [2 
Smin = TD, pE ae) eae 
or 
6, D 
Smin = “== mm 
E 
where 
h = minimum radial thickness of the web around the 
diameter D,, mm 
D 
k =—° 
Ds 
ae 
Ds 
C = ratio of torsional vibratory torque to the mean trans- 
mitted torque at the P/R rating being considered 
Dg = D,+ 2h, inmm 
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O 
n 
II 


shrink diameter, in mm 

Young's modulus of elasticity of crankshaft material, 

in N/mm? 

Factor of Safety against rotational slippage to be 

taken as 2,0. A value less than 2,0 may be used 

where documented by experiments to demonstrate 

acceptability 

= output power, in kW 

speed at associated power, in rom 

crankweb thickness, in mm 

= coefficient of static friction to be taken as 0,2 for 
degreased surfaces provided -H40,>0-4. A value 
greater than 0,2 may be used where documented 
by experiments to demonstrate acceptability 

= minimum yield strength of material for journal pin 

Mmax = absolute maximum value of the torque taking 

Ch 8,2 into consideration 

L, = length of shrink fit, in mm 

Maximum diametral interference, d,,4,, is not to be greater 

than: 


m 
I 


FoS = 


=e HDD 
I 


a 
<. 
| 


0,8 Dg 
1000 


Existing Fig. 2.3.3 has been renumbered Fig. 2.3.4. 


a Section 5 
Safety arrangements on engines 
5.1 Cylinder relief valves 


ots 5.1.1 


Scavenge spaces in open connection with 
cylinders are to be provided with explosion relief valves. 


a Section 6 
Crankcase safety fitting 
6.1 Relief valves 
6:1 Crankcases are to be provided with lightweight 


spring-loaded valves or other quick-acting and self-closing 
devices-eftan-approved-tyse, to relieve the crankcases of 
pressure in the event of an internal explosion and to prevent 
any inrush of air thereafter. The valves are to be designed and 
constructed to open quickly and be fully open at a pressure 
not greater than 0,2 bar. 


6.1.3 Each valve is to be fitted with a flame arrester that 
permits flow for crankcase pressure relief and prevents the 
passage of flame following a crankcase explosion. The valves 
are to be type tested in a configuration that represent the 
installation arrangements that will be used on an engine and in 
accordance with a standard acceptable to LR. The valves are 
to be positioned on engines to minimise the possibility of 
danger and damage arising from emission of the crankcase 
atmosphere. Where shielding from the emissions is fitted to a 
valve, the valve is to be type tested to demonstrate that the 
shielding does not adversely affect the operational effective- 
ness of the valve. 


6.2 Number of relief valves 

6.2.1 In engines having cylinders not exceeding 200 mm 
bore apd or having a crankcase gross volume not exceeding 
0,6 mS, relief valves may be omitted. 


6.4 Vent pipes 

6.4.1 Through ventilation, and any arrangement which 
could produce a flow of external air within the crankcase, is 
in principle not permitted except for trunk piston type dual fuel 
engines where crankcase ventilation is to be provided. Where 
crankcase vent or breather pipes are fitted, they are to be 
made as small as practicable and/or as long as possible to 
minimize the inrush of air after an explosion. Vents or breather 
pipes from crankcases of main engines are to be led to a safe 
position on deck or other approved position. 


a Section 11 
Mass produced engines 
11.1 Definition 
17.1.1 Mass produced engines, for main and auxiliary 


purposes, are defined as those which are produced under the 
following criteria: 

(a) In quantity under strict quality control of material and 
parts, according to a quality assurance scheme accept- 
able to LR. 

By the use of jigs and automatic machine tools designed 
to machine parts to specified tolerances for inter- 
changeability, and which are verified on a regular 
inspection basis. 

By assembly with parts taken from stock and requiring 
little or no fitting. 

With bench tests carried out on individual assembled 
engines according to a specified programme. 

With appraisal by final examination of engines selected 
at random after workshop testing. 


(b) 


11.1.2 Castings, forgings and other parts for use in mass 
produced engines are also to be produced by methods 
similar to those given in 11.1.1(a), (6) and (c), with appropriate 
inspection. 


11.1.3 
9.1.21). 


Pressure testing of components is to comply with 
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11.1.4 The specification of a mass produced engine is to 
define the limits of manufacture of all component parts. The 
total production output is to be certified by the manufacturer 
and verified as may be required, by LR in accordance with the 
agreed manufacturer's quality assurance scheme, see 
11.1.1(a). 


11.2 Procedure for approval of mass produced 
engines 
17.2.1. The procedure outlined in 11.2.2 to 11.2.5 applies 


to the inspection and certification of mass produced oil 
engines having a bore not exceeding 300 mm. 


17.2.2 For the approval of a mass produced engine type, 
the manufacturer is to submit, in addition to the plans and 
particulars required by 1.1 and information required by 3.2, a 
list of subcontractors for main parts. 


17.2.3. The manufacturer is to supply full information 
regarding the manufacturing processes and quality control 
procedures applied in the workshops. The information is to 
address the following: 

(a) Organisation of quality control systems. 


(b) Recording of quality control operations. 

(c) Qualification and independence of personnel in charge 
of quality control. 

11.2.4 Arunning type test of at least 100 hours duration is 


to be carried out on an engine chosen from the production 
line. The type testing is to comply with 11.5. 


11.2.5 LRreserves the right to limit the duration of validity 
of approval of a mass produced engine. LR is to be informed, 
without delay, of any change in the design of the engine, in 
the manufacturing or control processes, in the selection of 
materials or in the list of subcontractors for main parts. 


11.3 Continuous review of production 
17.3.1 LR Surveyors are to be provided free access to the 
manufacturer's workshops and to the quality control files. 


17.3.2 The control of production, which is subject to 
survey, is to include the following: 

(a) Inspection and testing records are to be maintained to 
the satisfaction of the Surveyor. 

The system for identification of parts is to be in accor- 
dance with recognised practice, and acceptable to LR. 
The manufacturer is to provide full information about the 
quality control of the parts supplied by subcontractors 
for which certification may be required. LR reserves the 
right to apply direct and individual inspection procedures 
for parts supplied by subcontractors when deemed 
necessary. 

At the request of an attending LR surveyor, a workshop 
test may be required for an individual engine. 
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11.4 Compliance and inspection certificate 

11.4.1. Each engine which is to be installed on a ship 
classed by LR is to be supplied with a statement certifying 
that the engine is identical to the one which underwent the 
tests specified in 11.2.4, and state the test and inspection 
results. The statement is to be made on a form agreed with 
LR. Each statement is to include the identification number 
which appears on the engine. A copy of this statement is to 
be submitted to LR. 


11.5 Type test conditions 

11.5.1. The requirements in this section are applicable to 
the type testing of mass produced internal combustion 
engines where the manufacturer has requested approval. 
Omission or simplification of the type test requirements will be 
considered by LR for engines of an established type on 
application by the manufacturer. 


11.5.2 The engine to be tested is to be selected from the 
production line and agreed by LR. 


17.5.3. The duration and programme of type tests is to 
include the following: 


(a) 80h at rated output. 

(bo) 8h at 110 per cent overload. 

(c) 10h at varying partial loads (25 per cent, 50 per cent, 
75 per cent and 90 per cent of rated output). 

(d) 2h at maximum intermittent loads. 

(e) Starting tests. 


f) | Reverse running of direct reversing engines. 

g) Testing of speed governor. 

h) Testing of over-speed device. 

) — Testing of lubricating oil system failure alarm device. 

k) Testing of the engine with turbocharger out of action 
when applicable. 

() Testing of minimum speed for main propulsion engines 

and the idling speed for auxiliary engines. 


11.5.4 The type tests in 11.5.3 at the required outputs are 
to be combined together in working cycles for the whole 
duration within the limits indicated. See a/so 11.5.10 and 
11.5.11. 


17.5.5 The overload testing required by 11.5.3 is to be 
carried out with the following conditions: 


(a) 110 per cent of rated power at 103 per cent revolutions 
per minute for engines directly driving propellers. 

(bo) 110 per cent of rated power at 100 per cent revolutions 
per minute for engines driving electrical generators or for 
other auxiliary purposes. 

17.5.6 For prototype engines, the duration and 


programme of tests are to be specially agreed between the 
manufacturer and LR. 


17.5.7. As far as practicable during type testing the 
following particulars are to be continuously recorded: 
Ambient air temperature. 

Ambient air pressure. 

Atmospheric humidity. 

External cooling water temperature. 

Fuel and lubrication oil characteristics. 
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17.5.8 In addition to the particulars stated in 11.5.7 and as 
far as practicable, the following are also to be continuously 
measured and recorded: 
) Engine revolutions per minute. 
Brake power. 
Torque. 
Maximum combustion pressure. 
Indicator pressure diagrams where practicable. 
f) | Exhaust smoke (with an approved smoke meter). 
Lubricating oil pressure and temperature. 
) Exhaust gas temperature in exhaust manifold, and, 
where facilities are available, from each cylinder. 
(j) | For turbocharged engines: 
e Turbocharger revolutions per minute. 
e Air temperature and pressures before and after 
turbo-blower and charge cooler. 
° Exhaust gas temperature and pressures before 
and after the turbine. 
e The cooling water inlet temperature to the charge 
air cooler. 


17.5.9 After the type test, the main parts and especially 
those subject to wear are to be dismantled for examination 
by LR Surveyors. 


17.5.10 For engines that are required to be approved for 
different purposes (multi-purpose engines), and that have 
different performances for each purpose, the programme and 
duration of test is to be modified to cover the whole range of 
the engine performance, taking into account the most severe 
conditions and intended purpose(s). 


171.5.17 The rated output for which the engine is to be 
tested is the output corresponding to that declared by the 
manufacturer and agreed by LR, i.e. actual maximum power 
which the engine is capable of delivering continuously 
between the normal maintenance intervals stated by the 
manufacturer at the rated speed and under the stated 
ambient conditions. 


a Section 12 

Mass produced turbo-chargers 
12.1 Application 
12.1.1. The following procedure applies to the inspection 


of exhaust driven turbo chargers which are manufactured on 
the basis of mass production methods similar to 11.1 as 
applicable and for which the maker has requested the 
approval. 


12.2 Procedure for approval of mass produced 
turbo-chargers 
12.2.1. | The procedure outlined in 12.2.2 to 12.2.5 applies 


to the inspection and certification of mass produced turbo- 
chargers when a simplified method of inspection has been 
requested by the manufacturers. 


12.2.2 For the approval of a mass produced turbo- 
charger, the manufacturer is to submit, in addition to the plans 
and particulars required by 10.1.1, a list of main current 
suppliers and subcontractors for rotating parts and an 
operation and maintenance manual. 


12.2.3. The manufacturer will supply full information 
regarding the material and quality control system used in the 
organization as well as the inspection methods, the way of 
recording and proposed frequency, and the method of 
material testing of important parts. 


12.2.4 A Type test, see 10.2, is to be carried out on a 
standard unit taken from the assembly line and is to be 
witnessed by the Surveyor. The performance data which may 
have to be verified are to be made available at the time of the 
type test. For manufacturers who have facilities for testing the 
turbo-charger unit on an engine for which the turbo-charger is 
intended, substitution of the hot running test by a test run of 
one hour's duration at overload (110 per cent of the rated 
output) may be considered. 


12.2.5 LRreserves the right to limit the duration of validity 
of approval of a mass produced turbo-charger. LR is to be 
informed, without delay, of any change in the design of the 
turbo-charger, in the manufacturing or control processes, in 
the selection of materials or in the list of subcontractors for 
main parts. 


12.3 Continuous inspection of individual units 

12.3.1 LR Surveyors are to be provided with free access 
to the manufacturer's workshop to inspect at random the 
quality control measures and to witness the tests required by 
12.3.3 to 12.3.7 as deemed necessary, and to have free 
access to all control records and subcontractor's certificates. 


12.3.2 Each individual unit is to be tested in accordance 
with 12.3.4 to 12.3.7 by the maker who is to issue a final 
certificate. 


12.3.3 Rotating parts of the turbo-charger blower are to 
be marked for easy identification with the appropriate 
certificate. 


12.3.4 Material tests of the rotating parts are to be carried 
out by the maker or his subcontractor in accordance with the 
requirements of the Rules for Materials as applicable. The 
relevant certificate is to be produced and filed to the 
satisfaction of the Surveyor. 


12.3.5 Pressure tests are to be carried out in accordance 
with Table 2.9.1. Special consideration will be given where 
design or testing features may require modification of the test 
requirements. 


12.3.6 | Dynamic balancing and overspeed tests are to be 
carried out, see 10.3 and 10.4, in accordance with the 
approved procedure for quality control. If each forged wheel is 
individually controlled by an approved non-destructive 
examination method, then no overspeed test may be required 
except for wheels of the test unit. 
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12.3.7. A mechanical running test, see 10.5, is to be 
carried out. The duration of the running test may be reduced 
to 10 minutes provided that the manufacturer is able to verify 
the distribution of defects established during the running tests 
on the basis of a sufficient number of tested turbo-chargers. 
For manufacturers who have facilities in their works for testing 
the turbo-chargers on an engine for which the turbo- 
chargers are intended, the bench test may be replaced by a 
test run of 20 minutes at overload (110 per cent of the rated 
output) on this engine. 


12.4 Compliance and certificate 

12.4.1. For every turbo-charger unit liable to be installed on 
an engine intended for a ship classed by LR, the manufac- 
turer is to supply a statement certifying that the turbo-charger 
is identical with one that underwent the tests specified in 
12.2.4 and that prescribed tests were carried out. Results of 
these tests are to be also stated. This statement is to be made 
on a form agreed with LR and a copy is to be sent to LR. Each 
statement must have a number which is to appear on the 
turbo-charger. 


is Section 13 

Electronically controlled engines 
13.1 Scope 
13.1.1. The requirements of this section are applicable to 


engines for propulsion, auxiliary and emergency power 
purposes with software-based electronic control of fuel, air 
and exhaust systems. 


13.1.2 | These engines may be of the slow, medium or high- 
speed type. They generally have no camshaft to drive fuel, air 
and exhaust systems, but have common rail fuel/hydraulic 
arrangements and hydraulic actuating systems for the 
functioning of the fuel, air and exhaust systems. 


13.1.3. The operation of these engines relies on the 
effective monitoring of a number of parameters such as crank 
angle, engine speed, temperatures and pressures using one 
or more electronic control systems to provide the services 
essential for the operation of the engine such as fuel injection, 
air inlet, exhaust and speed control. 


13.1.4 Deviation from Rule requirements are to be submit- 
ted and will be considered on the basis of technical 
justification by the engine builder. 


13.1.5 During the life of the engine any changes to hard- 
ware, software, control and monitoring systems which may 
affect the safety and reliable operation of the engine are to be 
submitted and approved by LR. 
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13.2 Plans and particulars 
13.2.1 In addition to the plans and particulars required by 
Section 1 the following information is to be submitted: 
(a) Ageneral overview of the operating principles, supported 
by schematics explaining the functionality of individual 
systems and sub-systems. The information is to relate 
to the engine capability and functionality under defined 
operating and emergency conditions such as recovery 
from a failure or malfunction, with particular reference to 
the functioning of electronic control systems and any 
sub-systems. The information is also to indicate if the 
engine has different modes of operation, such as to limit 
exhaust gas emissions and/or to run under an economic 
fuel consumption mode or any other mode that can be 
controlled by electronic control systems. 
Details of hydraulic systems for actuation of sub-systems 
(fuel injection, air inlet and exhaust), to include details of 
the design/construction of pipes, pumps, valves, 
accumulators and the control of valves/pumps. Details 
of pump drive arrangements are also to be included. 
Failure Modes and Effects Analysis (FMEA) of the 
mechanical, pressure containing and electrical systems 
and arrangements that support the operation of the 
engine. The analysis is to demonstrate that suitable risk 
mitigation has been achieved so that a system will 
tolerate a single failure in equipment or loss of an 
associated sub-system such that operation of the engine 
will not be lost or degraded beyond acceptable 
performance criteria of the engine. See 13.5 
A schedule of testing and trials to demonstrate that the 
engine is capable of operating as described in the design 
statement, and any testing required to verify the conclu- 
sions of the FMEA. 
Operating manuals which describe the particulars of 
each system and, together with maintenance instruc- 
tions, include reference to the arrangements for making 
modifications and changes to electronic control systems 
and for the functioning of sub-systems. 
(f) Quality plan for sourcing, design, installation and testing 
of all components used in the oil fuel and hydraulic oil 
systems installed with the engine for engine operation. 
Fatigue analysis for all high pressure oil fuel and hydraulic 
oil piping arrangements required for engine operation 
where failure of the pipe or its connection or a compo- 
nent would be the cause of engine unavailability. The 
analysis is to concentrate on high pressure components 
and sub-systems and recognise the pressures and 
fluctuating stresses that the pipe system may be subject 
to in normal service. 

Schedule of testing at engine builders, pre-sea trial 

commissioning and sea trials. The test schedules are to 

identify all modes of engine operation and the sea trials 
are to include typical port manoeuvres under all intended 
engine operating modes. 

(i) | Evidence of type testing of the engine with electronic 
controls, or a proposed test plan at the engine builders 
with the electronic controls functioning, to verify the 
functionality and behaviour under fault conditions of the 
electronic control system. 
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13.2.2 — In addition to the plans and particulars required by 
Pt 6, Ch 1 the following information for control, alarm, 
monitoring and safety systems relating to the operation of an 
electronically controlled engine is to be submitted: 

System requirements specification. 

Description of operation with explanatory diagrams. 
Line diagrams of control circuits. 

List of monitored points. 

e) List of control points. 

f) List of alarm points. 

g) List of safety functions and details of any overrides, 
including consequences of use. 

h) Details of hardware configuration. 

) Hardware certification details. 

(k) Software quality plan. 

() | System integration plan. 

( Failure Mode and Effects Analysis (FMEA). See Pt 5, 
Ch 2,1.1.4. 

Factory acceptance, integration, harbour and sea 
trials/test schedules for hardware and software. 
Software certification details. 


( 
( 
( 
( 
( 
( 
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(cp) Quality plan for sourcing, design installation and testing 
of all components used in the control, alarm, monitoring 
and safety systems installed with the engine for engine 
operation. 

13.3 Oil fuel and hydraulic oil systems 

13.3.1. Oil fuel and hydraulic oil piping systems arrange- 


ments are to comply with Chapters 2, 11, 12, 13 and 14 as 
applicable. 


13.3.2. Where pumps are essential for engine operation, 
not less than two oil fuel and two hydraulic oil pressure pumps 
are to be provided for their respective service and arranged 
such that failure of one pump does not render the other 
inoperative. Each oil fuel pump and hydraulic oil pump is to 
be capable of supplying the quantity of oil for engine operation 
at its maximum continuous rating and arranged ready for 
immediate use. 


13.3.3 The oil fuel pressure piping between the oil fuel high 
pressure pumps and the fuel injectors is to be protected with 
a jacketed piping system capable of containing oil fuel leakage 
from a high pressure pipe failure. 


13.3.4 The hydraulic oil pressure piping between the high 
pressure hydraulic Pumps and hydraulic actuators is to be 
protected with a jacketed piping system capable of containing 
hydraulic oil leakage from a high pressure pipe failure. 


13.3.5 | Accumulators and associated high pressure piping 
are to be designed, manufactured and tested in accordance 
with a standard applicable to the maximum pressure and 
temperature rating of the system. 


13.3.6 All valves, cocks and screwed connections are to 
be of a type-tested type applicable to the maximum service 
conditions anticipated in normal service. 


13.3.7 |solating valves and cocks are to be located as near 
as practicable to the equipment to be isolated. All valves 
forming part of the oil fuel and hydraulic oil installation are to 
be capable of being controlled from readily accessible 
positions above the working platform. 


13.3.8 High pressure oil fuel and high pressure hydraulic 
oil piping systems are to be provided with high pressure 
alarms with set points that do not exceed the system design 
pressures. 


13.3.9 High pressure oil fuel and high pressure hydraulic 
piping systems are to be provided with suitable relief valves 
on any part of the system that can be isolated and in which 
pressure can be generated. The settings of the relief valves 
are not to exceed the design pressures. The valves are to be 
of adequate size and so arranged as to avoid an undue rise in 
pressure above the design pressures. 


13.3.10 Equipment fitted for monitoring pressures and 
temperatures in the high pressure oil fuel and high pressure 
hydraulic oil systems is to comply with a recognised standard 
suitable to the anticipated vibration and temperature 
conditions. 


13.3.17 A fatigue analysis is to be carried out in accordance 
with a standard applicable to the system under consideration 
and all anticipated pressure, pulsation and vibration loads are 
to be addressed. The analysis is to demonstrate that the 
design and arrangements are such that the likelihood of failure 
is as low as reasonably practicable. The analysis is to identify 
all assumptions made and standards to be applied during 
manufacture and testing of the system. Any potential weak 
points which may develop due to incorrect construction or 
assembly are also to be identified. 


13.3.12 For high pressure oil containing and mechanical 
power transmission systems, the quality plan for sourcing, 
design, installation and testing of components is to address 
the following issues: 


a) Design and manufacturing standard(s) applied. 

b) Materials used for construction of key components and 
their sources. 

c) Details of the quality control system applied during 
manufacture and testing. 

d) Details of type approval, type testing or approved type 
status assigned to the machinery or equipment. 

e) Details of installation and testing recommendations for 
the machinery or equipment. 

13.4 Electronic control systems 

13.4.1. Plans and details of electronic control systems are 


to comply with Pt 6, Ch 1 and Ch 2 as applicable. 


13.4.2 For electronic control systems and electrical 
actuating systems, the quality plan for sourcing, design, 


installation and testing of components is to address the 

following issues: 

a) Standard(s) applied. 

b) Details of the quality control system applied during 
manufacture and testing. 

c) Details of type approval, type testing or approved type 
status assigned to the equipment. 

d) Details of installation and testing recommendations for 
the equipment. 

e) Details of any local and/or remote diagnostic arrange- 


ments where assessment and alteration of control 
parameters can be made which can affect the operation 
of the engine. 

(f) Details of arrangements for software upgrades. 
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13.4.3 The system integration plan is required to identify 
the process for verification of the functional outputs from the 
electronic control systems with particular reference to system 
integrity, consistency, security against unauthorised changes 
to software and maintaining the outputs within acceptable 
tolerances for safe and reliable operation of the engine within 
stated performance criteria. 


13.5 FMEA analysis 

13.5.1 A Failure Mode and Effects Analysis (FMEA) is to 
demonstrate that a failure of the functioning of an electronic 
control system: 

(a) Will not result in the loss of the ability to provide the 
services essential for the operation of the engine (see 
Pt 6, Ch 1,2.5.8 and 2.11.2); 

will not affect the normal operation of the services 
essential for the operation of the engine other than those 
services dependent upon the failed part (see Pt 6, 
Ch 1,2.12.4 and 2.12.5); and 

will not leave either the engine, or any equipment or 
machinery associated with the engine, or the ship in an 
unsafe condition (see Pt 6, Ch 1,2.3.12, 2.4.6, 2.5.4, 
2.9.3, 2.12.5). 


(b) 


13.5.2 | Where FMEA analysis is required to be carried out 
the reports submitted are to address the following issues: 

a) Identify the standards used for analysis and system 
design. 

b) Identify the objectives of the analysis. 

c) Identify any assumptions made in the analysis. 

d) Identify the equipment, system or sub-system, mode of 
operation and the equipment. 

dentify potential failure modes and their causes. 

f) Evaluate the local effects (e.g. fuel injection failure) and 
the effects on the system as a whole (e.g. loss of 
propulsion power) of each failure mode. 

Identify measures for reducing the risks associated with 
each failure mode. This may be through system design, 
provision of redundant systems and/or quality control 
procedures for sourcing, manufacture and testing. 
Identify trials and testing necessary to prove conclusions. 


(h) 


13.5.3 At sub-system level it is acceptable to consider 
failure of equipment items and their functions, e.g. failure of a 
pump to produce flow or pressure head. It is not required that 
the failure of components within that pump be analysed, and 
failure need only be dealt with as a cause of failure of the 
pump. 


13.5.4 In an electronically controlled engine it is necessary 
to define the essential services on which the operation of the 
engine relies and the control functions, alarm functions and 
safety functions for the equipment and machinery providing 
these services. Examples of essential services are: 

Starting arrangements. 


(b) Fuel supply arrangements. 
(c) Lubricating oil arrangements. 
(d) Hydraulic oil arrangements. 
(e) Cooling arrangements. 

(f) | Power supply arrangements. 
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M Section 14 
Alarms and safeguards for emer- 
gency diesel engines 


14.1 Application 


14.1.1 These requirements apply to emergency diesel 
engines required to be immediately available in an emergency 
and capable of being controlled remotely or automatically. 


14.2 Plans and information 


14.2.1. Plans, information and test schedules to be 
submitted for design appraisal are to be in accordance with 
Pt 6, Ch 1. 


14.3 Alarms and safeguards 


14.3.1 Alarm and safety systems are to comply with the 
requirements of Pt 6, Ch 1. 


14.3.2. Alarms and safeguards are to be fitted in accor- 
dance with Table 2.14.1. 


14.3.3 The safety and alarm systems are to be designed 
to ‘fail safe'. The characteristics of the ‘fail safe' operation are 
to be evaluated on the basis not only of the system and its 
associated machinery, but also the complete installation, as 
well as the ship. 


14.3.4 Regardless of the engine output, if shutdowns 
additional to those specified in Table 2.14.1 are provided 
except for the overspeed shutdown, they are to be automat- 
ically overridden when the engine is in automatic or remote 
control mode during navigation. 


14.3.5 Grouped alarms of at least those items listed in 
Table 2.14.1 are to be arranged on the bridge. 


14.3.6 In addition to the fuel oil control from outside the 
space, a local means of engine shutdown is to be provided. 


14.3.7. Local indications of at least those items listed in 
Table 2.14.1 are to be provided within the same space as the 
diesel engines and are to remain operational in the event of 
failure of the alarm and safety systems. 
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Table 2.14.1 


tem 


Alarms and safeguards for 


emergency diesel engines 


Alarm 


Alarm 


Emerge 


Fuel oil 


Lubrica 


ncy Diesel Engine 


eakage from 


pressure pipes 


ing oil 


emperature 


Lubrica 


Oil mist 


ing oil pressure 


concentration in 


crankcase 


Coolant 


Coolant 
(can be 


pressure or flow 


Temperature 
air ) 


Overspeed 


2 220 kW 


Leakage 


High 


Low 


High 


Low 


High 


High 


<220 kW 


Leakage 


See Note 


Automatic 
shutdown 


NOTE 


For engines having a power of more than 2250 kW or a cylinder 
bore of more than 300 mm. 
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Part 5, Chapter 3 
Steam Turbines 


Effective date 1 July 2006 


a Section 4 
Safety arrangements 

4.3 Low vacuum and overpressure protective 
devices 

4.3.1 In order to provide a warning, due to excessive 


pressure, to personnel in the vicinity of the exhaust ends of 
main turbines, sentinel Sertme! relief valves are to be provided 
at the exhaust ends or other approved positions. -ebel-maain 
turbinesandthe The relief valve discharge outlets are to be 
visible and suitably guarded if necessary. Where a low 
vacuum cut-out device is provided, the sentinel relief valve at 
the L.P. exhaust may be omitted. 


4.3.2 In order to provide a warning, due to excessive 
pressure, to personnel in the vicinity of the exhaust ends of 
auxiliary turbines, sentinel Sentinel relief valves are to be 
provided at the exhaust ends. oFal-awdianturbines-andtho 
The relief valve discharge outlets are to be visible and suitably 
guarded if necessary. Low vacuum or overpressure cut-out 
devices, as appropriate, are also to be provided for auxiliary 
turbines not installed with their own condensers. 
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a Section 5 
Emergency arrangements 
5.2 Single screw ships 
5.2.1 In single screw ships fitted with cross compound 


steam main turbine installations in which two or more turbines 
are separately coupled to the same main gear wheel, the 
arrangements are to be such as to enable safe navigation 
when the ##at steam supply is saA-be led direct to the L.P. 
turbine and either the H.P or L.P. turbine can exhaust direct to 
the condenser. Adequate arrangements and controls are to 
be provided for these emergency operating conditions so that 
the pressure and temperature of the steam will not exceed 
those which the turbines and condenser can safely withstand. 


O22 The necessary pipes and valves or fittings for these 
arrangements are to be readily available and properly marked. 
A fit up test of all combinations of pipes and valves is to be 
performed prior to the first sea trials. 


5.2.3 The permissible power/speeds of the operating 
turbines(s) when operating without one of the turbines (all 
combinations) is to be specified and information provided on 
board. 


5.2.4 The operation of the turbines under emergency 
conditions is to be assessed for the potential influence on 
shaft alignment and gear teeth loading conditions. 
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Part 5, Chapter 6 
Main Propulsion Shafting 


Effective date 1 July 2006 


| Scope 

The requirements of this Chapter relate, in particular, 
to formulae for determining the diameters of shafting for main 
propulsion installations, but requirements for couplings, 
coupling bolts, keys, keyways, sternbushes and other 
associated components are also included. The diameters may 
require to be modified as a result of alignment considerations 
and vibration characteristics, see Chapter 8, or the inclusion 
of stress raisers, other than those contained in this Chapter. 


Alternative calculation methods for determining the diameters 
of shafting for main propulsion and their permissible torsional 
stresses will be considered by LR. Any alternative calculation 
method is to include all relevant loads on the complete 
dynamic shafting system under all permissible operating 
conditions. Consideration is to be given to the dimensions 
and arrangements of all shaft connections. Moreover, an 
alternative calculation method is to take into account design 
criteria for continuous and transient operating loads 
(dimensioning for fatigue strength) and for peak operating 
loads (dimensioning for yield strength). The fatigue strength 
analysis may be carried out separately for different load 
assumptions, for example as given below. 


Shafts complying with the applicable Rules in Chapter 6 and 
Chapter 8 satisfy the following: 

(a) Low cycle fatigue criterion (typically <104), i.e. the 
primary cycles represented by zero to full load and back 
to zero, including reversing torque if applicable. This is 
addressed by the formulas in Ch 6,3.1, 3.5 and 3.6. 
High cycle fatigue criterion (typically >>107), i.e. torsional 
vibration stresses permitted for continuous operation as 
well as reverse bending stresses and the accumulated 
fatigue due to torsional vibration when passing through a 
barred speed range or any other transient condition with 
associated stresses beyond those permitted for 
continuous operation. This is addressed by the formulas 
in Ch 8,2.5. The influence of reverse bending stresses is 
addressed by the safety margins inherent in the formulas 
from Ch 6,3.1, 3.5 and 3.6. 


Section 2 
Materials 


2.1 Materials for shafts 
2.1.1 The specified minimum tensile strength of forgings 
for shafts is to be selected within the following general limits: 
(a) Carbon and carbon-manganese steel — 
400 to 6806 760 N/mm? (41 to 6+ 77,5 kgf/mm2). See 
also 3.5.1 


(b) Alloy steel — not exceeding 800 N/mm (82 kgf/mm2). 
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2.1.38 Where shafts may experience vibratory stresses 
close to the permissible stresses for transient operation, the 
materials are to have a specified minimum tensile strength of 
500 N/mm2 (51 kgf/mm2). 


2.1.4 Where materials with greater specified or actual 
tensile strengths than the limitations given above are used, 
reduced shaft dimensions or higher permissible vibration 
stresses are not acceptable when derived from the formulae 
used in Section 3.1, 3.5, 3.6 and Ch 8,2.5. 


a Section 3 
Design 
3.1 Intermediate shafts 
AS Fa Bt The diameter, a, of the intermediate shaft is to be 


not less than determined by the following formula: 


3[ Pp /__560 - 
R & " a 


ey) 


1,0 for shafts with integral coupling flanges complying 
with 3.7 or with shrink fit couplings, see 3.1.4 
= 1,10 for shafts with keyways in tapered or 
cylindrical connections, where the fillet radii in the 
transverse section of the bottom of the keyway are 
to be not less than 0,0125d 
= 1,10 for shafts with transverse or radial holes where 
the diameter of the hole (Qi) is not greater than 0,3d 
= 1,20 for shafts with longitudinal slots see 3.1.6 
; g g 0.2 : 
=10 
95(86) for turbine installations, electric propulsion 
installations and oil engine installations with slip 
type couplings 
= 100 (90,5) for other oil engine installations 
P (H) and RF are defined in Ch 1,3.3 (losses in gearboxes 
and bearings are to be disregarded) 
specified minimum tensile strength of the shaft 
material, in N/mm? (kgf/mm2), see 2.1.3 
After a length of 0,2d from the end of a keyway, transverse 
hole or radial hole and 0,3d from the end of a longitudinal slot, 
the diameter of the shaft may be gradually reduced to that 
determined with k = 1,0. 


d Fk 


3 
(a = Fk mal 57 
R \o,+ 16 


where 


Oy = 


3.1.4 For shrink fit couplings k refers to the plain shaft 
section only. Where shafts may experience vibratory stresses 
close to the permissible stresses for continuous operation, an 
increase in diameter to the shrink fit diameter is to be 
provided, e.g. a diameter increase of 1 to 2 per cent and a 
blending radius as described in 3.8. 


Si 16 Keyways are in general not to be used in installations 
with a barred speed range. 


3.1.6 The application of k = 1,20 is limited to shafts with 
longitudinal slots having a length of not more than 0,8d and a 
width of not more than O,1d and a diameter of central hole d; 
of not more than 0,8d see 3.7. The end rounding of the slot is 
not to be less than half the width. An edge rounding should 
preferably be avoided as this increases the stress concentra- 
tion slightly. The values of cx, see Table 8.2.1 in Pt 5, Ch 8, 
are valid for 1, 2 and 3 slots, i.e. with slots at 360, 180 and 
120 degrees apart respectively. 


3.4 Thrust shafts external to engines 

3.4.1 The diameter at the collars of the thrust shaft 
transmitting torque, or in way of the axial bearing where a 
roller bearing is used as a thrust bearing, is to be not less than 
that required for the intermediate shaft in accordance with 3.1 
with a k value of 1,10. Outside a length equal to the thrust 
shaft diameter from the collars, the diameter may be tapered 
down to that required for the intermediate shaft with a k value 
of 1,0. For the purpose of the foregoing calculations, o, is to 
be taken as the minimum tensile strength of the thrust shaft 
material, in N/mm? (kgf/mm2). The fillet radius at the base of 
both sides of the thrust collar is to be not less than 0,08 of 
the diameter of the shaft at the collar. 


3.5 Screwshafts and tube shafts 
B51 The diameter, d, of the screwshaft immediately 
forward of the forward face of the propeller boss or, if applicable, 
the forward face of the screwshaft flange, is to be not less 
than determined by the following formula: 


3[ p 560 
Ap = 100k BR (5,416) mm 
d 905k 4/2 (2 

(4, re ee Gan mm) 
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where 
= 1,22 for a shaft carrying a keyless propeller fitted 
on a taper, or where the propeller is attached to an 
integral flange, and where the shaft is fitted with a 
continuous liner or is oil lubricated and provided 
with an approved type of oil sealing gland 
= 1,26 for a shaft carrying a keyed propeller and 
where the shaft is fitted with a continuous liner or is 
oil lubricated and provided with an approved type 
of oil sealing gland 
P (H) and R are defined in Ch 1,3.3, (losses in gearboxes 
and bearings are to be disregarded) 


Oy = specified minimum tensile strength of the shaft 
material, in N/mm? (kgf/mm) but is not to be taken 
as greater than 600 N/mm2 (61 kgf/mm2). See 
RES, 

3.5.3 The diameter of the portion of the screwshaft and 


tube shaft, forward of the length required by 3.5.2 to the 
forward end of the forward stern tube seal, is to be deter- 
mined in accordance with the formula in 3.5.1 with a k value 
of 1,15. The change of diameter from that determined with 
k = 1,22 or 1,26 to that determined with k = 1,15 should be 
gradual, see 3.7. 


3.5.4 Screwshafts which run in sterntubes and tube shafts 
may have the diameter forward of the forward stern tube seal 
gradually reduced to the diameter of the intermediate shaft. 
Abrupt changes in shaft section at the screwshaft/tube shaft to 
intermediate shaft couplings are to be avoided, see 3.7. 


3.7 Couplings and transitions of diameters 

3.7.7 Transitions of diameters are to be designed with 
either a smooth taper or a blending radius. In general, a 
blending radius equal to the change in diameter is recom- 
mended. 


Part 5, Chapter 7 
Propellers 


Effective date 1 July 2006 


a Section 2 
Materials 
2.1 Castings 
2.1.3 Spheroidal cast Gast iron load transmitting compo- 


nents of control lable pitch mechanisms, are to be 
manufactured, tested and certified in accordance with 
Chapter 7 of the Rules for Materials, and have an elongation 
of not less than 12 per cent. oabimpactiested-grades-are 
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Part 5, Chapter 8 
Shaft Vibration and Alignment 


Effective date 1 July 2006 


|_| Section 2 
Torsional vibration 
2.1 General 
2.1.2 Further to the Scope of this Chapter, the require- 


ments of this Section are not applicable to ships that are not: 

(a) required to comply with the /nternational Convention for 
the Safety at Sea, 1974, as amended, (SOLAS); or 

(b) where a main engine does not have a power output 

exceeding 500 kW. 


2.3 Scope of calculations 

2.3.3 The calculations carried out on oil engine systems 
are to be based on the Enginebuilders’ harmonic torque data 
(on request, Lloyd’s Register (hereinafter referred to as ‘LR’) 
can provide a table of generalized harmonic torque 
components for use where appropriate). The calculations are 
to take account of the effects of engine malfunctions 
commonly experienced in service, such as a cylinder not firing 
(i.e. no injection but with compression) giving rise to the 
highest torsional vibration stresses in the shafting. 
Calculations are also to take account of a degree of 
imbalance between cylinders, which is characteristic of the 
normal operation of an engine under service conditions. 


2.4 Symbols and definitions 
2.4.1 The symbols used in this Section are defined as 
follows: 
d = minimum diameter of shaft considered, in mm 
d,; = diameter of internal bore, in mm 
k = the factor used in determining minimum shaft 
diameter, defined in Ch 6,3.1.1 and 3.5.1 
r = ratio N/N, or N,/N, whichever is applicable 
Cy = asize factor defined as 0,35 + 0,98a-0.2 
C, = a factor for different shaft design features, see 
Table 8.2.1 
N_ = engine speed, in rev/min 
No = Critical speed, in rev/min 
Ns = maximum continuous engine speed, in rev/min, or, 
in the case of constant speed generating sets, the 
full load speed, in rev/min 
Q, = rated full load mean torque 
O, = Specified minimum tensile strength of the shaft 
material, in N/mm2 
T = permissible stress due to torsional vibrations for 
continuous operation, in N/mm2 
% = permissible stress due to torsional vibrations for 
transient operation, in N/mm2 
e = slot width, inmm 


~ 
Il 


slot length, in mm. 
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2.4.4 For a longitudinal slot C,, = 0,3 is applicable within 
the dimension limitations given in Pt 5 Ch 6,3.1.6. If the slot 
dimensions are outside these limitations, or if the use of 
another C,, is desired, the actual stress concentration factor 
(scf) is to be documented or determined from 2.4.5, in which 
case: 


Ga 1,45 

scf 
Note that the scfis defined as the ratio between the maximum 
local principal stress and {3 times the nominal torsional stress 
(determined for the bored shaft without slots). 


BANS) Stress concentration factor of slots. The stress 
concentration factor (scf) at the ends of slots can be determined 
by means of the following empirical formulae: 


SCi—— O4(hole) + 0,57 


This formula applies to: 

e = Slots at 120 or 180 or 360 degrees apart. 

e Slots with semicircular ends. A multi-radii slot end can 
reduce the local stresses, but this is not included in this 
empirical formula. 

e Slots with no edge rounding (except chamfering), as any 
edge rounding increases the scf slightly. 

Okihole) Fepresents the stress concentration of radial holes and 

can be determined as : 


© 445 ea +10 fe (4) 
d d d ai 
where e = hole diameter, in mm 

or simplified to Otnole) = 2,3. 


Ottholey) = 2,3-3 


For thrust shafts 
external to engines 


For intermediate 
shafts with 


bearing 
where a 
roller 
bearing is 
used as a 
thrust 
bearing 


For which 
k=1,22 
and = 1,26 


Integral Shrink 
coupling fit 
flanges |couplings 


Keyways 


0,85 


Table 8.2.1 C, factors 
Intermediate shafts with 

Integral coupling flange and straight sections 
Shrink fit coupling 

Keyway, tapered connection 

Keyway, cylindrical connection 

Radial hole 

Longitudinal slot 


1,0 

1,0 

0,60 

0,45 

0,50 

0,30 (see 2.4.4) 


Thrust shafts external to engines 

On both sides of thrust collar 

In way of axial bearing where a roller 
bearing is used as a thrust bearing 


0,85 
0,85 


Propeller shafts 

Flange mounted or keyless taper fitted 
propellers 

Key fitted propellers 

Between forward end of aft most bearing 
and forward stern tube seal 


NOTE 
The determination of C,, — factors for shafts other than shown in this 
Table will be specially considered by LR. 


2.5 Limiting stress in propulsion shafting 

2.5.4 In general, the tensile strength of the steel used is to 
comply with the requirements of Ch 6,2. For the calculation of 
the permissible limits of stresses due to torsional vibration, o, is 
not to be taken as more than 800 N/mm2 in the case of alloy 
steel intermediate shafts, aad or GOO N/mm? in the case of 
carbon and carbon-manganese steel intermediate, thrust and 
propeller shafts. 


2.11 Restricted speed and/or power ranges 

2.11.1. Restricted speed and/or power ranges will be 
imposed to cover all speeds where the stresses exceed the 
limiting values, T., for continuous running , including one- 
cylinder misfiring conditions if intended to be continuously 
operated under such conditions. For controllable pitch 
propellers with the possibility of individual pitch and speed 
control, both full and zero pitch conditions are to be 
considered. Similar restrictions will be imposed, or other 
protective measures required to be taken, where vibratory 
torques or amplitudes are considered to be excessive for 
particular machinery items. At each end of the restricted 
speed range the engine is to be stable in operation. 


2.11.2 The restricted speed range is to take account of the 
tachometer speed tolerances at the barred speeds. 


212 2.11.3 Critical responses which give rise to speed 
restrictions are to be arranged sufficiently removed from the 
maximum revolutions per minute to ensure that, in general, at 
r =0,8 the stress due to the upper flank does not exceed T.. 


2443 2.11.4 Whereshating strosses-duetoatorsionat 

e Saad oe : 
ruAning the-speed- restiction will be-from: Provided that the 
stress amplitudes due to a torsional critical response at the 
borders of the barred speed range are less than t, under 
normal and stable operating conditions the speed restriction 
derived from the following formula may be applied: 
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16 
18-r 


Noto 18-r 


Ne inclusive. 


Existing paragraphs 2.11.4 to 2.11.9 have been renumbered 
2.11.5 to 2.11.10. 


2.11.11 Restricted speed ranges in one-cylinder misfiring 
conditions on ships with single engine propulsion are to 
enable safe navigation whereby sufficient propulsion power is 
available to maintain control of the ship. 


2.11.12 There are to be no restricted speed ranges 
imposed above a speed ratio of r = 0,8 under normal 
operating conditions. 


a Section 5 
Shaft alignment 
5.1 General 
5.1.1 The Builder is to carry out shaft alignment 


calculations for all installations and to prepare alignment 
procedures detailing the proposed alignment method and the 
alignment checks to demonstrate compliance with require- 
ments of this section. 


5.2 Particulars to be submitted for approval - shaft 
alignment calculations 
5.2.1 Shaft alignment calculations are to be submitted to 


LR for approval for the following shafting systems where the 
screwshaft has a diameter of 366 250 mm or greater in way of 
the aftermost sterntube bearing: 


(a) All geared installations. 

(b) Installations with one shaftline bearing, or less, inboard of 
the feaward sterntube bearing/seal. 

(c) Where prime movers or shaftline bearings are installed on 
resilient mountings. 

5.2.2 The shaft alignment calculations are to take into 


account the: 
(a) thermal displacements of the bearings between cold 
static and hot dynamic machinery conditions; 


(ob) buoyancy effect of the propeller immersion due to the 
ship's operating draughts; 

(c) effect of predicted hull deformations over the range of 
the ship's operating draughts, where known; 

(d) effect of filling the aft peak ballast tank upon the bearing 
loads, where known; 

teh (e) gear forces, where appropriate, due to prime- 
mover engagement on multiple-input single-output 
installations; 

(f) propeller offset thrust effects —=wRere-aopicable; 

fe} pearingteadingin the heorizental plane where approse- 
ate+and 

4} (g) maximum allowed bearing weardown, where-apol- 


cable for water or grease-lubricated sterntube bearings, 
and its effect on the bearing loads. 
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5.2.3 
(a) 


The shaft alignment calculations are to state the: 
expected bearing loads at light and normal ballast, fully 
loaded and any other draughts deemed to be part of the 
ship's operating profile, for the machinery in cold and 
hot, static and dynamic conditions; 
bearing influence coefficients and the deflection, slope, 
bending moment and shear force along the shaftline; 
(c) details of propeller offset thrust effects-where-eraployed 

in-calcuiation, 
details of proposed slope-bore of the aftermost stern- 
tube bearing, where applicable; 
manufacturer's specified limits for bending moment and 
shear force at the shaft couplings of the gearbox/prime 
movers; 
estimated bearing weardown rates for water or grease- 
lubricated sterntube bearings; 
erigin-of findings where the effect of expected hull 
deformation effects and their origin has-been-considered, 
viz. whether finite element calculations or measured 
results from sister or similar ships have been used; 
anticipated thermal rise of prime movers and gearing 
units between cold static and hot running conditions; 
and 
(j) | manufacturer's allowable bearing loads. 


5.3 Particulars to be submitted for review — shaft 
alignment procedure 
5.3.1 A shaft alignment procedure is to be submitted for 


all main propulsion installations detailing, as a minimum, the: 


(a) expected bearing loads at light and normal ballast, fully 
loaded and any other draughts deemed to be part of the 
ship's operating profile, for the machinery in cold and 
hot, static and dynamic conditions; 

(bo) maximum permissible loads for the proposed bearing 


designs; 

c) design bearing offsets from the straight line; 

d) design gaps and sags; 

e) location and loads for the temporary shaft supports; 

f) expected relative slope of the shaft and the bearing in 
the aftermost sterntube bearing; 

details of slope-bore of the aftermost sterntube bearing, 
where applied; 


# (h) proposed bearing load measurement technique and its 
estimated accuracy; 

jack correction factors for each bearing where the 
bearing load is measured using a specified jacking 
technique; 

proposed shaft alignment acceptance criteria, 
including the tolerances; and 


4} (i) 


# (k) 


+4} (I) flexible coupling alignment criteria. 
5.4 Design and installation criteria 
5.4.2 Design and installation of the shafting is to satisfy 


the following criteria: 

(a) The Builder is to position the bearings and construct the 
bearing seatings to minimize the effects of hull deflec- 
tions under any of the ship's operating conditions with 
the aim of optimising the bearing load distribution. 
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Relative slope between the propeller shaft and the 
aftermost sterntube bearing is, in general, not to exceed 
3 x 10-4 rad in the static condition. 

Sterntube bearing loads are to satisfy the requirements 
of Ch 6,3.12. 

Bearings of synthetic material are to be verified as being 
within tolerance for ovalilty and straightness, circumfer- 
entially and longitudinally, after installation. 

The sterntube forward bearing static load is to be 
sufficient to prevent unloading in all static and dynamic 
operating conditions, including the transient conditions 
experienced during manoeuvring turns and during 
operation in heavy weather. 

Intermediate shaft bearings’ loads are not to 
exceed 80 per cent of the bearing manufacturer's allow- 
able maximum load, for plain journal bearings, based on 
the bearing projected area. 
fe} (g) Main-gearuwheel Equipment manufacturer's bear- 
ing loads are to be within the geareex manufacturer's 
specified limits, i.e. prime movers, gearing. 

Resulting shear forces and bending moments are 
to meet the equipment manufacturer's specified 
coupling conditions #roughoutthe-shating- system. 

The manufacturer's radial, axial and angular align- 
ment limits for the flexible couplings are to be 
maintained. 


te} (f) 


4 (h) 


{6} (i) 


5.5 Measurements 

16 Il The system bearing load measurements are to be 
carried out to verify that the design loads have been achieved. 
In general the measurements will be carried out by the jack-up 
measurement technique using calibrated equipment. 


HO For the first vessel of a new design an agreed 
programme of static shaft alignment measurements is to be 
carried out in order to verify that the shafting has been 
installed in accordance with the design assumptions and to 
verify the design assumptions in respect of the hull deflections 
and the effects of machinery temperature changes. The 
programme is to include static bearing load measurements in 
a number of selected conditions. Depending on the ship type 
and the operational loading conditions that are achievable 
prior to and during sea trials these should include, where 
practicable, combinations of light ballast cold, full ballast cold, 
full ballast hot and full draught hot with aft peak tank empty 
and full. 


S98 For vessels of an existing design or similar to an 
existing design where evidence of satisfactory service 
experience is submitted for consideration and for subsequent 
ships in a series a reduced set of measurements may be 
accepted. In such cases the minimum set of measurements is 
to be sufficient to verify that the shafting has been installed in 
accordance with the design assumptions and are to include at 
least one cold and one hot representative condition. 


6-6-4 604 Where calculations indicate that the system 
is sensitive to changes in alignment under different service 
conditions, the epteaized shaft alignment is to be verified by 
measurements during sea trials using an approved strain 
gauge technique. 
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Part 5, Chapter 9 
Strengthening for Navigation in Ice 


Effective date 1 July 2006 


| Section 1 
General 
1.3 Materials for propellers 
1845) Spheroidal cast iron load transmitting-components 
of controllable-pitch mechanisms are to be manufactured, 


tested and certified in accordance with the requirements of 
Table 7.3.2 in Ch 7,3 of the Rules for Materials. 


Part 5, Chapter 12 
Piping Design Requirements 


Effective date 1 July 2006 a Section 7 

a Section 7 Flexible hoses 
General 7.1 General 

1.5 Classes of pipes 


7.5.2 Dependent on the service for which they are 
intended, Class II and Ill pipes are not to be used for design 
pressure or temperature conditions in excess of those shown 


in Table 12.1.1. Where either the maximum design pressure 7 il A flexible hose assembly is a short length of 
or temperature exceeds that applicable to Class II pipes, metallic or non-metallic hose normally with prefabricated end 
Class | pipes are to be used. To illustrate this, see Fig. 12.1.1. fittings ready for installation. 


7.1.2 For the purpose of approval for the applications in 
7.2, details of the materials and construction of the hoses, 
and the method of attaching the end fittings together with 
evidence of satisfactory prototype testing, are to be 
submitted for consideration. 


Pressure, P 


Temperature, T 
Note 


T, and P; correspond to the maximum temperatures and 
pressures for a Class Ill piping system and 75 and Po» to those for 
a Class II piping system depending on the service. 


Fig. 12.1.1 Classes of piping system 
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Koto} The use of hose clamps and similar types of end 
attachments are not be used for flexible hoses in piping 
systems for steam, flammable media, starting air systems or 
for sea-water systems where failure may result in flooding. In 
other piping systems, the use of hose clamps may be 
accepted where the working pressure is less than 5 bar and 
provided that there are two clamps at each end connection. 


7.1.4 Flexible hoses are to be limited to a length 
necessary to provide for relative movement between fixed 
and flexibly mounted items of machinery/equipment or 
systems. 


Taleo} Flexible hoses are not to be used to compensate 
for misalignment between sections of piping. 


7.1.6 Flexible hose assemblies are not to be installed 
where they may be subjected to torsional deformation 
(twisting) under normal operating conditions. 


Pollalf The number of flexible hoses in piping systems 
mentioned in this section is to be kept to a minimum and to 
be limited for the purpose stated in 7.2.1. 


Fothks Where flexible hoses are intended for conveying 
flammable fluids in piping systems that are in close proximity 
to hot surfaces, electrical installation or other sources of 
ignition, the risk of ignition due to failure of the hose assembly 
and subsequent release of fluids is to be mitigated as far as 
practicable by the use of screens or other suitable protection. 


7.1.9 Flexible hoses are to be installed in clearly visible 
and readily accessible locations. 


7.1.10 The installation of flexible hose assemblies is to be 
in accordance with the manufacturer's instructions and use 
limitations with particular attention to the following: 

(a) Orientation. 


(ob) End connection support (where necessary). 

(c) Avoidance of hose contact that could cause rubbing and 
abrasion. 

(d) Minimum bend radii. 

7.1.11 Flexible hoses are to be permanently marked by the 


manufacturer with the following details: 

Hose manufacturer's name or trademark. 

Date of manufacture (month/year). 

c) Designation type reference. 

d) Nominal diameter. 

e) Pressure rating 

(f) Temperature rating. 

Where a flexible hose assembly is made up of items from 
different manufacturers, the components are to be clearly 
identified and traceable to evidence of prototype testing. 


7.2 Applications 

Url Short joining lengths of flexible hoses complying 
with the requirements of this section may be used, where 
necessary, to accommodate relative movement between 
various items of machinery connected to permanent piping 
systems. The requirements of this section may also be applied 
to temporarily-connected flexible hoses or hoses of portable 
equipment. 
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“at B22 Sypthetic-ubber Rubber or plastics hoses, 
with integral cotton or similar braid reinforcement, may be 
used in fresh and sea-water cooling systems. In the case of 
sea-water systems, where failure of the hoses could give rise 
to the danger of flooding, the hoses are to be suitably 
enclosed, as indicated in Ch 13,2.7. 


422 G25 Synthetce-+ubber Rubber or plastics hoses, 
with single or double closely woven integral wire braid or other 
suitable material reinforcement, or convoluted metal pipes 
with wire braid protection, may be used in bilge, ballast, 
compressed air, fresh water, sea-water, oil fuel, lubricating oil, 
Class III steam aad hydraulic and thermal oil oil systems. 
Where syataetc rubber or plastics hoses are used for oil fuel 
supply to burners, the hoses are to have external wire braid 
protection in addition to the integral wire braid. Flexible hoses 
for use in steam systems are to be of metallic construction. 


7.2.4 Flexible hoses are not to be used in high pressure 
fuel oil injection systems. 


7.2.5 The requirements in this section for flexible hose 
assemblies are not applicable to hoses intended to be used in 
fixed fire-extinguishing systems. 


7.3 Design requirements 

7.3.1 Flexible hose assemblies are to be designed and 
constructed in accordance with recognised National or 
International standards acceptable to LR. 


oe Flexible hoses are to be complete with approved 
end fittings in accordance with manufacturer's specification. 
End connections which do not have flanges are to comply 
with 2.12 as applicable and each type of hose/fitting 
combination is to be subject to prototype testing to the same 
standard as that required by the hose with particular 
reference to pressure and impulse tests. 


7.3.3 Flexible hose assemblies intended for installation in 
piping systems where pressure pulses and/or high levels of 
vibration are expected to occur in service, are to be designed 
for the maximum expected impulse peak pressure and forces 
due to vibration. The tests required by 7.4 are to take into 
consideration the maximum anticipated in-service pressures, 
vibration frequencies and forces due to installation. 


7.3.4 Flexible hose assemblies constructed of non- 
metallic materials intended for installation in piping systems 
for flammable media, and sea-water systems where failure 
may result in flooding, are to be of fire-resistant type. Fire 
resistance is to be demonstrated by testing to ISO 15540 and 
ISO 15541. 


EOrS) Flexible hose assemblies are to be suitable for the 
intended location and application, taking into consideration 
ambient conditions, compatibility with fluids under working 
pressure and temperature conditions consistent with the 
manufacturer's instructions and any other applicable require- 
ments in the Rules. 


7.4 Testing 

7.4.1 Acceptance of flexible hose assemblies is subject 
to satisfactory prototype testing. Prototype test programmes 
for flexible hose assembles are to be submitted by the 
manufacturer and are to be sufficiently detailed to demon- 
strate performance in accordance with the specified 
standards. 


7.4.2 For a particular hose type complete with end 
fittings, the tests, as applicable, are to be carried out on 
different nominal diameters for pressure, burst, impulse and 
fire resistance in accordance with the requirements of the 
relevant standard. The following standards are to be used as 
applicable. 

e ISO 6802 — Rubber and plastics hoses and hose 
assemblies — Hydraulic pressure impulse test without 
flexing. 

e ISO 6803 - Rubber and plastics hoses and hose 
assemblies — Hydraulic pressure impulse test with 
flexing. 
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e ISO 15540 - Ships and marine technology — Fire 
resistance of hose assemblies — Test methods. 

e ISO 15541 - Ships and marine technology — Fire 
resistance of hose assemblies — Requirements for test 
bench. 

e ISO 10380 — Pipework - Corrugated metal hoses and 
hose assemblies. 

Other standards may be accepted where agreed by LR. 


7.4.3 All flexible hose assemblies are to be satisfactorily 
prototype burst tested to an international standard* to demon- 
strate they are able to withstand a pressure of not less than 
four times the design pressure without indication of failure or 
leakage. 

Note 

* The international standards, e.g. EN or SAE for burst testing 
of non-metallic hoses, require the pressure to be increased 
until burst without any holding period at 4 x Maximum 
Working Pressure. 


Part 5, Chapter 13 
Ship Piping Systems 


Effective date 1 July 2006 


|_| Section 2 
Construction and installation 
2.1 Materials 
2.1.4 Aluminium alloy pipes are not acceptable for fire 


extinguishing pipes unless they are suitably protected against 
the effect of heat. The proposed use of aluminium alloy with 
appropriate insulation will be considered when it has been 
demonstrated that the arrangements provide equivalent 
structural and integrity properties compared to steel. In open 
and exposed locations where the insulation material is likely 
to suffer from mechanical damage suitable protection is to be 
provided. 
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a Section 12 

Air, overflow and sounding pipes 
12.5 Termination of air pipes 
12.5.2 Air pipes from storage tanks containing lubricating 


or hydraulic oil may terminate in the machinery space, 
provided that the open ends are so situated that 
issuing oil cannot come into contact with electrical equipment 
or heated surfaces. Air pipes from heated lubricating oil tanks 
are to be led to the open. 


Part 5, Chapters 14 & 15 


Part 5, Chapter 14 
Machinery Piping Systems 


Effective date 1 July 2006 


|_| Section 2 
Oil fuel - General requirements 
2.10 Oil fuel contamination 
2.10.1. The materials and/or their surface treatment used 


for the storage and distribution of oil fuel are to be selected 
such that they do not introduce contamination or modify the 
properties of the fuel. The use of copper or zinc compounds 
in oil fuel distribution and utilisation piping is not permitted 
except for small diameter pipes in low pressure systems, see 
4.6.1. 


a Section 8 
Lubricating oil systems 
8.1 General requirements 
8.1.1 In addition to the requirements detailed in this 


Section, the requirements of Sections 2 and 4 are to be 
complied with in so far as they are applicable. In all cases 
240283 2.9.1 to 2.9.3, 4.2, 4.3, 4.5, 4.8, 4.11 and 4.17 
are to apply. 


Part 5, Chapter 15 
Piping Systems for Oil Tankers 


Effective date 1 July 2006 


=| Section 7 
General requirements 
1.6 Cargo pump room 
1.6.4 Alarms and safety arrangements are to be provided 


as indicated in 1.6.5 and Table 15.1.1. These requirements 
are applicable to pump rooms where pumps for cargo, such 
as Cargo pumps, stripping pumps, pumps for slop tanks, 
pumps for COW or similar pumps are provided and not for 
pump rooms intended solely for ballast transfer. 


(Part only shown) 

7.6.5 A system for continuously monitoring the 

concentrations of hydrocarbon gases within the cargo pump 

room is to be fitted. Monitoring points are to be located in 
positions where potentially dangerous concentrations may be 
readily detected. Gas analysing units with non-safe-type 
measuring equipment may be located outside cargo areas 

(e.g. in cargo control room, navigation bridge or engine room 

when mounted on the forward bulkhead) provided that: 

(e) where the cabinet cannot be arranged on the bulkhead, 
sample pipes are to be of steel or other equivalent 
material and without detachable connections, except for 
the connection points for isolating valves at the bulkhead 
and analysing units. The sample pipes are to be led by 
their shortest route. 

Sequential sampling is acceptable as long as it is dedicated 

for the pump room only, including exhaust ducts, and the 

detection equipment is capable of monitoring from each 
sampling head location at intervals not exceeding 30 minutes. 
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Part 5, Chapter 17 


Part 5, Chapter 17 
Requirements for Fusion Welding of Pressure Vessels and Piping 


Effective date 1 July 2006 


3.4 


Section 3 
Routine weld tests for pressure 
vessels 


Mechanical testing requirements 


© of weld © of weld 


pproximately 300 mm 
to suit testing machine aoe 
if necessary 


(a) 


+6} 


Ee Approximately 300 mm 
to suit testing machine 


Fig. 17.3.1 
Routine test plate - Test specimens for 
Glass+,24-and2 Class 1 and 2/1 
All weld metal tensile test specimen. 
Bend test specimens. 
Tensile test for joints. 
Macro-test specimen. 
Charpy V-notch impact test specimens. 
(For all Class 1 pressure vessels and other Classes of 
pressure vessels where the minimum design temperature 
is below -10°C). 
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Fig. 17.3.2 
Routine test plate - test specimens for Class 3 


For retests | 
I 


/ 
o 


Approximately 300 mm 
to suit testing machine 


Fig. 17.3.2 


Routine test plate - Test specimens for Class 2/2 


al 


2. 
3. 
4 


Tensile test for joints. 

Bend test specimens. 

Macro-test specimen. 

Charpy V-notch impact test specimens (if required by 
Table 17.3.1). 
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3.4.4 Transverse tensile test for joint. For the trans- 
verse tensile test, the weld reinforcement is to be removed, 
and shall meet the following requirements: 

(a) we One reduced section tensile test sseciRens-are 
specimen is to be cut transversely to the weld in accor- 
dance with the dimensions shown in Fig. 11.2.2 in 
Chapter 11 of the Rules for Materials. 

In general, where the plate thickness exceeds 30 mm, 
or where the capacity of the tensile test machine 
prevents full thickness tests, each tensile test may be 
made up of several reduced section specimens, 
provided that the whole thickness of the weld is 
subjected to testing. 

The tensile strength obtained is to be not less than the 
minimum specified tensile strength for the plate material, 
and the location of the fracture is to be reported. 


3.4.5 Transverse bend test. The bend test specimens 
shall meet the following: 

(a) eur Two bend test specimens of rectangular section are 
to be cut from the test plate transversely to the weld, #6 
one bent with the outer surface of the weld in tension 
(face bend), and the other 46 one with the inner surface 
in tension (root bend). 

The specimens are to be in accordance with Ch 11,2.1.3 
of the Rules for Materials. 

Each specimen is to be mounted on roller supports with 
the centre of the weld midway between the supports. 
The plunger shall have the diameter shown in 
Table 17.3.2 based on the specimen thickness, t. 

After bending through an angle of at least 120°, there is 
to be no crack or defect exceeding 1,5 mm measured 
across the specimen or 3 mm measured along the 
specimen. Premature failure at the edges of the 
specimen should not be cause for rejection, unless this 
is associated with a weld defect. 


a Section 6 
Welded pressure pipes 
6.4 Heat treatment after bending of pipes 
Table 17.6.3 Heat treatment after forming of pipes 


Type of steel Heat treatment required 


Carbon and Normalize at 880 to 940°C 
carbon/manganese: 
Grades 320, 360, 410, 


460 and 490 


1Cr 1/2Mo Normalize at 900 to 94026 960°C 
followed by 


Tempering at 640 to 720°C 


21/4Cr 1Mo Normalize at 900 to 960°C, 
followed by 


Tempering at 650 to 780°C 


V/oCr 1/2Mo 1/4V 


Normalize at 930 to 980°C, 
followed by 
Tempering at 670 to 720°C 


Other alloy steels Subject to special consideration 


Part 5, Chapter 19 
Steering Gear 


Effective date 1 July 2006 


a Section 5 
Electric power circuits, electric 
control circuits, monitoring and 
alarms 

5.1 Electric power circuits 

6, 12 The alarms required by 5.1.1 are to be provided on 


the bridge and in the main machinery space or control room 
from which the main machinery is normally controlled. 


&-L2 (Gaies Indicators for running indication of each 
main and auxiliary motor are to be installed on the navigating 
bridge and at a suitable main machinery control position. 
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5.1.4 A low-level alarm is to be provided for each power 
actuating system hydraulic fluid reservoir to give the earliest 
practicable indication of hydraulic fluid leakage. Alarms are to 
be given on the navigation bridge and in the machinery space 
where they can be readily observed. 


Existing paragraphs 5.1.3 to 5.1.8 have been renumbered 
5.1.5 to 5.1.10. 


5.3 Monitoring and alarms 

5.3.2 The alarms deerbed described in Table 19.5.1 are 
to be indicated on the navigating bridge and the additional 
locations described and are to be in accordance with the 
alarm system specified by Pt 6, Ch 1,2.3. 


Table 19.5.1 Alarm requirements 


Item Note 


Rudder position ms Indication, see 4.1.3 


Steering gear Failure -_ 
power units, 


power 


Adse For alarm and 
running indication 
er-edge-and 

mrachiner-contro! 
statier locations, 
see 5.1.2 and 5.1.3 


Failure _ 


Overload, 
single 
phase 


Steering gear 
motors 


Control system 
power 


Each #aak reservoir 
to be monitored. 
For alarm locations, 
see 5.1.4 


Steering gear Low 


hydraulic oil 
tank level 


Failure 
High 


Auto pilot 


Running indication 


Where oil cooler 
is fitted 


Where more than 
one system (either 
power or control) 
can be operated 
simultaneously 
each system is to 
be monitored, 
see Nete Note 1 


When oil filters are 
fitted 


Hydraulic oil 
temperature 


Hydraulic lock Fault 


Hydraulic oil filter 
differential pressure 


NOTE 
1. This alarm is to identify the system at fault and to be activated 
when (for example): 
e position of the variable displacement pump control system 
does not correspond with given order; or 
e incorrect position of 3-way full flow valve or similar in constant 
delivery pump system is detected. 
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Part 5, Chapter 23 
Podded Propulsion Units 


Effective date 1 July 2006 


a Section 7 
Scope 
1.1 General 
7.7.1 This Chapter applies to podded propulsion units 


where used for propulsion, BR dynamic positioning duty or as 
the sole means of steering. 


1.1.4 The structural requirements stated in 5.1, 5.2 and 
5.3 relate to podded propulsion units having a eeAverterat 
oytindrcal pod body with single supporting strut with or 
without an integral slewing ring arrangement, see Fig. 23.1.1. 
Novel and unconventional arrangements will be subject to 
individual consideration. In such cases, the designers are 
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advised to contact LR in the early stages of the design for 
advice on the manner and content of design information 
required for formal classification appraisal. 


Lei The aft end structures associated with podded 
installations are to be examined with respect to potential 
slamming, see Pt 4, Ch 2. 


(ie It is the shipbuilder’s responsibility to ensure that all 
installed equipment is suitable for operation in the location 
and under all anticipated environmental conditions associated 
with the design of the ship which is to include temperature, 
humidity, vibration and impulsive accelerations. 


Part 5, Chapter 23 


a Section 2 
General requirements 
2.2 Plans and information to be submitted 
2.2.1 In addition to the plans required by Chapters 5, 


6, 7, 8, 14 and 19, and Pt 6, Ch 1 and Ch 2, the following 
plans and information are required to be submitted for 
appraisal: 

(a) Description of the ship’s purpose/capabilities together 

with the pod’s intended operational modes in support of 

these capabilities. 

Power transmitted at MCR condition (shaft power and 

rpm) and other maximum torque conditions, e.g. bollard 

pull. 

Maximum transient thrust, torque and other forces and 

moments experienced during all envisaged operating 

modes as permitted by the steering and propulsor drive 
control systems. 

fe} (d) Details of the electric propulsion motor short-circuit 

torque and motor air gap tolerance. 

4} (e) Sectional assembly in the Z-X plane, see Fig. 23.2.1. 

4e} (f) Specifications of materials and NDE procedures for 

components essential for propulsion and steering 
operation to include propulsion shaft and slewing ring 

bearings, gearing and couplings, see 4.1. 

Details of intended manoeuvring capability of the 
ship in each operating condition. (To be declared by the 
shipyard, see a/so 3.1.1). 
fg (h) Design loads for both the pod structure and 
propeller together with podded propulsion unit design 
operating modes (see 2.4.1, 6.3.7, 6.6.5 and 6.6.6). 

Supporting data calculations and direct calculation 
reports. This is to include an assessment of anticipated 
global accelerations acting on the ship's machinery and 
equipment which may potentially affect the reliable 
operation of the propulsion system. See also 1.1.5. 

Structural component details including: strut, pod 
body, bearing supports, bearing end caps, ship’s struc- 
ture in way of podded propulsion unit integration and a 
welding Table showing a key to weld symbols used on 
the plans specifying weld size, type, preparation and 
heat treatment. The information should include the 
following: 

e Detailed drawings showing the structural 
arrangement, dimensions and scantlings. 

e Welding and structural details. 

e Connections between structural components 
(bolting). 

e Casting’s chemical and mechanical properties. 

e Forging’s chemical and mechanical properties. 

e Material grades for plate and sections. 

Nozzle ring structure and nozzle support details if 
applicable to the application. 

(m) Propeller shaft bearing mounting and housing 

arrangement details, see also 6.3.6. 

#9} (n) Details of propeller shaft and steering bearings, 
where roller bearings are used supporting calculations 
are to be submitted, see 6.3.7 and 6.6.6. 

(0) Propeller shaft seal details. 

(0) Details of propeller shaft and pod steering securing/ 
locking and means of aligning the securing/locking 
arrangements. 

49} (q) Cooling systems piping system schematic. 


(b) 


(Cc) 


(9) 


{} (i) 


#} (k) 


#4} (\) 
#} 


{A} 
{2} 
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tp (1) Details of any lubricating oil conditioning systems 

(filtering/cooling/heating) and control arrangements 

necessary to ensure the continuous availability of the 

required lubricating oil quality to the propeller shaft 
bearings. 

Details of installed condition monitoring equipment. 

Details of the derivation of any duty factor used in 
the design of the steering gears. 

Recommended installation, inspection, ard mainte- 
nance and component replacement procedures (see 
also 5.1.2). This is to include any in-water/underwater 
engineering procedures where recommended by the 
pod manufacturer. See a/so 6.5.7 and Section 10. 

#8 (v) Identification of any potentially hazardous atmo- 
spheric conditions together with details of how the 
hazard will be countered, this should include a statement 
of the maximum anticipated air temperature within the 
pod during full power steady state operation, see 2.3. 

#4(w) Access and closing arrangements for pod unit 
inspection and maintenance. 

#44 (x) Heat balance calculations for pods having an elec- 

tric propulsion motor but no active cooling system, see 

6.7.4. 

Details of proposed testing and trials required by 
Section 9. 

Details of emergency steering and pod securing arrange- 

ments. See 6.3.11. 


{4 (Ss) 
fs} (t) 


& (u) 


$4 (y) 
(2) 


2.3 Pod internal atmospheric conditions 

2.3.1 Machinery and electrical equipment installed within 
the pod unit are to be suitable for operation, without 
degraded performance, at the maximum anticipated air 
temperature and humidity conditions within the pod unit with 
the pod operating at its maximum continuous rating in sea 
water of not less than 32°C after steady state operating 
conditions have been achieved. 


2.4 Global loads 

2.4.1 The overall strength of the podded propulsion unit 

structure is to be based upon the maximum anticipated in- 

service loads, including, weere-recessarn, the effects from 
of ship manoeuvring and of ship motion (see Table 14.8.1 in 

Pt 3, Ch 14). This is to include the effects of any pod to pod 

and/or pod to ship hydrodynamic interference effects. The 

designer is to supply the following maximum load and 

moment values to which the unit may be subjected with a 

description of the operating condition at which they occur. 

° F,, Force in the longitudinal direction; 

e Fy, Force in the transverse direction; 

e F,, self weight, in water, augmented by the ship’s pitch 
and heave motion and flooded volume where 
applicable, see Pt 3, Ch 14; 

e My, moment at the slewing ring about the pod unit’s 
global longitudinal axis; 

e« My, moment at the slewing ring about the pod unit’s 
global transverse axis; 

e M,, moment at the slewing ring about the pod unit’s 
vertical axis (maximum dynamic duty steering torque on 
steerable pods). 

The directions of the X, Y and Z axes, with the origin at the 

centre of the slewing ring, are shown in Fig. 23.2.1. 


Fig. 23.2.1 Pod co-ordinate system 


Fig. 23.2.1 


Pod co-ordinate system 


2.4.2 Where the maximum loads and moments 
described in 2.4.1 cannot be readily identified from 
calculation methods or are based on model testing, the 
estimated loads and moments are to be stated at pod unit 
steering angular intervals of 5 degrees over the range from 
ahead to astern for the relevant combinations of shaft 
rotational and ship speed. In the case of pod to pod and/or 
pod to ship hydrodynamic interaction effects these must be 
defined for the most severely affected propulsor. 
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Part 5, Chapter 23 


a Section 3 
Functional capability 
3.1 General 
3.1.2 In general, the steering mechanism is to be 


capable of turning the pod between the declared steering 
angle limits at an average rotational speed of not less than 
0,4 rev/min with the ship initially operating at its maximum 
ahead service speed. 


il Section 4 
Materials 
4.1 General 


4.1.2 The materials used for the major gtructural and 
machinery components of the podded drivé unit (including 
bolting and bearings for units of greater thgh 6 MW) are to be 
manufactured and tested in accofdance with the 
requirements of the Rules for the Manffacture, Testing and 
Certification of Materials (hereafter refgrred to as the Rules for 
Materials). Materials for which proysion is not made therein 
may be accepted, provided tYat they comply with an 
approved specification and sucl/tests as may be considered 
necessary. 


4.1.3 Materials for mgChinery and system components 
are also to comply withAhe requirements from the relevant 
chapters of the Rules. 


4.1.4 Where lyad carrying threaded fasteners screw 
directly into strugfural castings, the material integrity of the 
casting is to befsuch that there is no porosity in the area of 


4.1.1 
machinery components are to be manufactured and tested in 
accordance with the requirements of the Rules for the 
Manufacture, Testing and Certification of Materials (hereafter 
referred to as the Rules for Materials). These components 
include hull support structure, pod body, pod strut, shafting 
and propellers. 


The materials used for major structural and 


Part 5, Chapter 23 


4.1.2 Components of novel design or components 
manufactured from materials not covered by the Rules for 
Materials are to be subject to evaluation and approval by 
Lloyd's Register prior to manufacture. 


4.1.3 Material specifications, see 2.2.1(f), for propulsion 
shaft and slewing ring bearings, gearing and couplings are to 
be approved by Lloyd's Register prior to manufacture. The 
specification is to include details of the grade of material, 
including the target range of chemical composition that is to 
be reported on the certificate, the required mechanical 
properties, heat treatment details including temperatures and 
hold times, details of necessary non-destructive examinations 
including acceptance levels. Additionally, any steel cleanness 
or microstructure requirements are to be included. These 
components are to be manufactured under survey. 


4.1.4 For propulsion shaft rolling element bearings the 
amount of retained austenite is to be determined and is not to 
exceed 4 per cent for nominally bainitic structures. 


4.1.5 Where load carrying threaded fasteners screw 
directly into structural castings, the integrity of the casting is 
to be such that there is no porosity or shrinkage in the area of 
the connection. 


a Section 5 
Structure design and construction 
requirements 

5.1 Pod structure 

Bh2 Means are to be provided to enable the shaft, 


bearings and seal to be fully examined in accordance with the 
manufacturer's recommendations at docking Survey to the 
Surveyor's satisfaction. 


6:15 The strut is to have a smooth transition from the 
upper mounting to the lower hydrodynamicaty adapted 
sectonalshapes sections. 

CORRIGENDUM 


Table 23.5.1 Podded propulsion unit structural 


requirements = (Part only shown) 


Symbols 


= panel aspect ratio correction factor = 4+4—s42600S}} 
[1,1 -s/(25008S)] 
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Effective date 1 July 2006 


5.2 Hull support structure 

5.2.1 For supporting the main slewing bearing outer 
races, a system of primary structural members is to be 
provided in order to transfer the maximum design loads and 
moments from the podded propulsion unit into the ship’s hull 
without undue deflection. Due account is also to be taken of 
the loads induced by the maximum ship’s motions in the 
vertical direction resulting from combined heave and pitch 
motion of the ship. Account is also to be taken of any 
manoeuvring conditions that are likely to give rise to high 
mean or vibratory loadings induced by the podded propulsion 
unit. See 2.2.1(c). 


5.3 Direct calculations 

5.3.3 The loads applied to the mathematical model, see 
2.4.1, are to include the self weight, dynamic acceleration 
due to ship motion, hydrodynamic loads, hydrostatic 
pressure, propeller forces and shaft bearing support forces. 
In situations where a pod can operate in the flooded 
conditions or where flooding of a pod adds significant mass 
to the pod, details are to be included. 


5.3.4 Based on the most onerous combination of normal 
service loading conditions, the stress criteria shown in 
Table 23.5.2 are not to be exceeded. See also 2.2.1(C). 


| Section 6 
Machinery design and 
construction requirements 
6.3 Propulsion shafting 


ra ih ion INT i QO 
speed There is to be no significant lateral vibration response 
that may cause damage to the shaft seals within +20 per 
cent of the running speed range. For vibration analysis 
computations the influence of the slewing ring and shaft 
bearing stiffnesses together with the contribution from the 
seating stiffnesses are to be included in the calculation 
procedures. 


6.3.6 The arrangement of shaft bearings is to take 
account of shaft thermal expansion, misalignment of 
bearings, shaft slope through the bearings and manufacturing 
tolerances. Additionally, the influence of the pod deflection 
on the shaft bearing alignment is to be considered under the 
most onerous mechanical and hydrodynamic loading 
conditions. 


6.3.7 Propeller shaft roller bearing life calculations are to 
take account of the following loadings: 
e Shaft, motor, propeller and other shaft appendages’ 


weights; 
e — Forces due to ship’s motion; 
a Offsetthrictioadstomtheoropellor 
a Sideteadc-or-srepction 
e 


The propeller-generated forces and moments about the 
three Cartesian axes related to the shaft; f,, fy, f, My, My, 
m,, see Fig. 23.2.1. 

e ~=—- Variance of thrust thristofsetend-sidetoad propeller- 
generated forces and moments with pod azimuth angle. 
This load variance should take account of the motor 
control characteristics; 

° Forces due to pod rotation, including gyroscopic forces; 

e A predicted azimuth service profile for the pod indicat- 
ing the proportion of time spent at various azimuth 
angles; 

Loads due to hydrodynamic interaction between pods; 

e — Any additional loads experienced during operation in ice 
conditions (for Ice Class notations); 

e Where validation of the above loadings is available, 
detailed calculations must demonstrate that the bearing 
life when operating at the normal duty profile will 
comfortably exceed the time between 5-yearly surveys. 
Parameters used to justify the bearing life, i.e. those 
related to oil cleanliness, viscosity limits and material 

quality are to be quoted. Where-detaitedyvalidaticon-ofthe 


6.3.8 Where detailed validation of the loadings identified 
in 6.3.7. is not available, the calculations for roller bearings 
are to indicate a bearing life greater than 65,000 hours at the 
maximum continuous rating of the podded drive taking into 
account the azimuth angle duty cycle. Any parameters used 
to justify this life, i.e. those related to oil cleanliness, water 
contamination and viscosity limits are to be quoted. 
Proposals for the use of a shaft bearing of life less than 
65,000 hours will be considered on application with details of 
alleviating factors and supporting documentation; however, 
this bearing life must exceed the time between surveys. 


6.3.9 The design of the shaft line bearings is to take 
account of the maximum and minimum operating 
temperatures likely to be encountered during both a voyage 
cycle and, more widely, during the ship's operational life. 
Furthermore, any anticipated temperature distributions 
through the bearing components and structures are to be 
included in the design calculations. 
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6-3-8 6.3.10 Means are to be provided for detecting 
shaft bearing deterioration. Where rolling element shaft 
bearings are used in single pod applications or in pods where 
the motor power exceeds 6 MW, vibration monitoring of the 
shaft bearings is to be provided The bearing monitoring 
system is to be suitable for the local bearing conditions and is 
to be able to differentiate from other vibration sources such 
as propeller cavitation or ship motions. 


63-9 6.3.11 On multi podded ships, means are to be 
provided to hold the propeller on an inoperable unit stationary 
whilst the other pod(s) propel the vessel at a manoeuvring 
speed of not less than 7 knots. Operating instructions 
displayed at the holding mechanism’s operating position are 
to include a direction to inform the bridge of any limitation in 
ships speed required as a result of the holding mechanism 
being activated. 


Existing paragraphs 6.3.10 and 6.3.11 have been 
renumbered 6.3.12 and 6.3.13. 


6.5 Bearing lubrication system 

CLO. The procedures for flushing the lubrication system 
are to be defined. This procedure is to embrace the following 
conditions: 

(a) Initial installation. 

(b) Post maintenance situations. 

(c) Major dry-docking refits. 

See Section 10. 


6.6 Steering system 

6.6.8 On multi podded ships, means are to be provided 
to secure each pod unit’s slewing mechanism in its mid 
position in the event of a steering system failure. These 
arrangements are to be of sufficient strength to hold the pod 
in position at the ship’s manoeuvring speed to be taken as 
not less than 7 knots (see also 6.3.9). Operating instructions 
displayed at the securing mechanism’s operating position are 
to include a direction to inform the bridge of any limitation in 
ship’s speed required as a result of the securing mechanism 
being activated. 


CORRIGENDUM 


6.7 Ventilation and cooling systems 

6.7.4 For pods having an electric propulsion motor but 
no active cooling system, heat balance calculations as 
required by 2.2.14 (x) are to demonstrate that the pod unit 
and associated systems are able to function satisfactorily 
over all operating conditions, see Ch 1,3.5. 


Part 5, Chapter 23 


Effective date 1 July 2006 


a Section 8 

Control engineering arrangements 
8.1 General 
hile Where a propulsion system which includes a 
podded propulsor unit is controlled by a series of interactive 
and integrated programmable electronic systems, then these 


are to comply with the requirements of Pt 6, Ch 1,2.12 of the 
Rules. 


8.2 Monitoring and alarms 
8.2.6 Condition monitoring arrangements are not to 
interface with the operation of safety systems which may 


cause slow-down or shut-down of the propulsion system. 
See also Ch 6,1 and 2.6.9. 


CORRIGENDUM 


Table 23.8.1 Specific alarms for pod control systems (Part only shown) 


Item Note 


Shaft bearing vibration monitoring See 6-3-8 6.3.10. Monitoring is to allow bearing 
condition to be gauged using trend analysis 


Effective date 1 July 2006 (f, Actions required in the event of fault/failure conditions 
being detected. 
(g) Precautions to be taken by personnel working during 
Bl Section 10 installation and maintenance. 


Installation, maintenance and 
replacement procedures 


10.1 General 


10.1.1. All podded propulsion units are to be supplied with 
a copy of the manufacturer's installation and maintenance 
manual that is pertinent to the actual equipment. See 2.2.1(u). 


10.1.2 The manual required by 10.1.1 is to be placed on 

board and is to contain the following information: 

(a) Description of the podded propulsion unit with details of 
function and design operating limits. This is also to 
include details of support systems such as lubrication, 
cooling and condition monitoring arrangements. 

(b) Identification of all components together with details of 
any that have a defined maximum operating life. 

(c) Instructions for installation of unit(s) on board ship with 
details of any required specialised equipment. 

(d) Instructions for commissioning at initial installation and 
following maintenance. 

(e) Maintenance and service instructions to include 
inspection/renewal of bearings, seals, motors, slip rings 
and other major components. This is also to include 
component fitting procedures, special environmental 
arrangements, clearance and push-up measurements 
and lubricating oil treatment where applicable. 
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Part 6, Chapter 1 
Control Engineering 


CORRIGENDA 
a Section 1 
General requirements 
1.2 Plans 
7.2.5 Programmable electronic systems. In addition 


to the documentation required by 1.2.2 the following is to be 

submitted: 

e System requirements specification. 

e — System integration plan, see 2.12.2. 

e Failure Mode and Effects Analysis (FMEA), see 2.12.5 

e Details of the hardware configuration in the form of a 
system block diagram, including input/output schedules. 

e Hardware certification details, see 294 2.9.5 and 
2.11.8. 

e —_ Software quality plans, including applicable procedures, 
see 2.9.21. 

° Factory acceptance, integration and sea trial test 
schedules for hardware and software. 


1.3 Control, alarm and safety equipment 


1.3.2 Equipment used in control, alarm and safety 
systems is to be suitable for its intended purpose, and 
accordingly, whenever practicable, be selected from the List 
of Type Approved Products published by LR. A copy of the 
Procedure for LR Type Approval System will be supplied on 
application. For fire detection alarm systems, see 2.8.8 and 
for programmable electronic systems, see 20-4 2.9.5 and 
2.11.3. 


1.3.4 Assessment of performance parameters, such as 
accuracy, repeatability, etc., are to be in accordance with an 
acceptable National or International Standard, e.g. 

5 : z isgign=Publeatonc 
i : ss ev iett : : 
instements-and-theraceesseres. IEC 60051, Direct acting 
indicating analogue electrical measuring instruments and their 
accessories. 


Effective date 1 July 2006 


a) Section 2 
Essential features for control, 
alarm and safety systems 

2.1 General 

2.1.1 Where it is proposed to install control, alarm and 


safety systems to the equipment defined in 1.2.3 the 
applicable features contained in 22+e-2-8 this section are to 
be incorporated in the system design. 


63 


2.1.2 Systems complying with ISO 17894, Ships and 
marine technology — Computer applications — General 
principles for the development and use of programmable 
electronic systems in marine applications, may be accepted 
as meeting the requirements of this Section, in which case 
evidence of compliance is to be submitted for consideration. 


2.8 Fire detection alarm systems 

2.8.8 Fire detection control units (including addressable 
systems), indicating panels, detector heads, manual call 
points and short-circuit isolation units are to be Type 
Approved in accordance with Test Specification Number 1 
given in LR’s Type Approval System for an environmental 
category appropriate for the locations in which they are 
intended to operate. For addressable systems, see also 2.9. 


2.9 Programmable electronic systems — General 
requirements 
2.9.1 The requirements of 202+e~20~44 this sub- 


section are to be complied with where control, alarm or safety 
systems incorporate programmable electronic equipment. 
Systems for Fer essential services and safety critical 
applications, systems incorporating shared data communica- 
tion links and systems which are integrated are to comply with 
the additional requirements of 2.10, 2.11 and 2.12 as appli- 
cable atse-appty. For systems complying with ISO 17894, 
Ships and marine technology — Computer applications — 
General principles for the development and use of 
programmable electronic systems in marine applications, 
see 2.1.2. 


2.9.2 Where programmable electronic systems share 
resources, any components that can affect the ability to effec- 
tively provide required control, alarm or safety functions are 
to fulfil the requirements of 2.9 to 2.12 related to providing 
those required functions. 


Existing paragraphs 2.9.2 to 2.9.4 have been renumbered 
2.9.3 to 2.9.5. 


2.10 Data communication links 

2.10.2 | Datacommunication is to be automatically restored 
within 45 seconds in the event of a single component failure. 
Upon restoration, priority is to be given to updating safety 
critical data and control, alarm and safety related data for 
essential services. Components comprise all items required 
to facilitate data communication, including cables, switches, 
repeaters, software components and power supplies. 


Part 6, Chapters 1 & 2 


a section 3 
Control and supervision of 
unattended machinery 

3.1 General 

3.1.6 Oil mist monitoring, oF engine bearing temperature 


monitors or alternative methods for crankcase protection are 

to be provided: 

(a) When arrangements are fitted to override the automatic 

shutdown for excessive reduction of the lubricating oil 

supply pressure. 

For engines of 2 250 kW and above or having cylinders 

of more than 300 mm bore. 

NOTES 

1. For medium and high speed engines automatic shut- 
down of the engine is to occur. 

2. For slow speed engines, automatic slowdown is to occur. 

38. Where arrangements are made to override the automatic 
slowdown or shutdown due to high oil mist or bearing 
temperature, the override is to be independent of other 
overrides. 

4. Where the bearing temperature monitoring method is 
chosen, all bearings in the crankcase are to be monitored 
where practicable, e.g. main, crankpin, crosshead. 

5. Where alternative methods are provided for the 
prevention of the build-up of oil mist that may lead to a 
potentially explosive condition within the crankcase, 
details are to be submitted for consideration. The 
submission is to demonstrate that the arrangements are 
equivalent to those provided by oil mist monitoring or 
engine bearing temperature monitors, see Pt 5, 
Ch 2,6.9.14. 


(b) 


a Section 4 
Unattended machinery space(s) - 
UMS notation 

4.7 Supply of electric power, general 

4.7.1 For ships operating with one generator set in 


service, arrangements are to be such that a standby 
generator will automatically start and connect to the switch- 
board in as short a time as practicable, but in any case within 
45 seconds, on loss of the service generator. For ships oper- 
ating with two or more generator sets in service, 
arrangements are to be such that on loss of one generator 
the remaining one(s) are to be adequate for continuity of 
essential services. For the detailed requirements of these 
arrangements, see Ch 2,2.2. 


Part 6, Chapter 2 
Electrical Engineering 


Effective date 1 July 2006 


a Section 17 
General requirements 
1.2 Plans 
1.2.1 At least three copies of the plans and particulars in 


1.2.2 to +244 1.2.18 are to be submitted for consideration. 
Single copies only are required of plans in +242+e4+244 
1.2.14 to 1.2.17. Additional copies are to be submitted when 
requested. 


1.2.11. Aschedule of batteries fitted for use for emergency 
and essential services, giving details of: 

type and manufacturer's type designation; 

voltage and ampere-hour rating; 

location; 

equipment and/or system(s) served; 
maintenance/replacement cycle dates; 

date(s) of maintenance and/or replacement; and 
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e for replacement batteries in storage, the date of 
manufacture and shelf life; with accompanying battery 
replacement procedure documentation to show 
compliance with 11.8. 


2-44 (R2a Plans of propulsion generators, motors, 


converting equipment, reactors and filters. treaddition—torall 


1.2.13 For all cables that pass through atria or equivalent 
spaces, and for vertical runs in trunks or other restricted 
spaces, the information supplied is to show compliance with 
10.8.8. 


Existing paragraphs 1.2.12 to 1.2.14 have been renumbered 
1.2.14 to 1.2.16. 


1.2.17 — |In order to establish compliance with the require- 
ments of 1.6.3, evidence is to be submitted to demonstrate 
the suitability of electrical equipment for its intended purpose 
in the conditions in which it is expected to operate. 


1.4 Additions or alterations 

1.4.3 When it is proposed to replace permanently 
installed secondary valve-regulated sealed batteries with 
vented batteries, details are to be submitted for consideration 
to ensure continued safety in the presence of the products of 
electrolysis and evaporation being allowed to escape freely 
from the cells to the atmosphere. These details are to demon- 
strate that there will be adequate ventilation in accordance 
with 11.5.9 and that the location and installation requirements 
of 11.3 and 11.4 are complied with. 


1.7 Quality of power supplies 

1.7.2 Unless specified otherwise, a.c. electrical equipment 
is to operate satisfactorily with the following simultaneous vari- 
ations, from their nominal value, when measured at the 
consumer input terminals: 

(a) voltage: 

permanent variations +6%, -10% 

transient variations due to step changes in load 
+20%,—16% +20% 

recovery time 1,5 seconds 

frequency: 

permanent variations +5% 

transient variations due to step changes in load +10% 
recovery time 5 seconds 

A maximum rate of change of frequency not exceeding 
+1,5 Hz per second during cyclic frequency fluctuations. 


1.8 Ambient reference and operating conditions 
ROR) Main and essential auxiliary machinery and 
equipment is to operate satisfactorily under the conditions 
shown in Pt 5, Ch 1,3.6. Electrical equipment satisfying 
alternative ambient operating condition requirements for 
installation on ships contained in an acceptable and relevant 
National or International Standard may be considered to 
satisfy this requirement. 

NoTE 

Details of local environmental conditions are stated in 
Annex B of IEC 60092: Electrical installations in ships — 
Part 101: Definitions and general requirements. 


1.8.4 Where electrical equipment is installed within 
environmentally controlled spaces, the ambient temperature 
for which the equipment is suitable for operation at its rated 
capacity may be reduced to a value not less than 35°C 
provided: 

e the equipment is not for use for emergency services and 
is located outside of machinery space(s); 

e temperature control is achieved by at least two cooling 
units so arranged that, in the event of loss of one cooling 
unit, for any reason, the remaining unit(s) will be capable 
of satisfactorily maintaining the design temperature; 
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e the equipment is able to be initially set to work safely 
within a 45°C ambient temperature until such a time that 
the lesser ambient temperature may be achieved; the 
cooling equipment is to be rated for an ambient temper- 
ature of not less than 45°C; and 

e alarms are provided, at a continually attended control 
station, to indicate any malfunction of the cooling units. 

See also Pt 6, Ch 1,1.3.3. 


iRGrol Where equipment is to comply with 1.8.4, it is to 
be ensured that electrical cables for their entire length are 
adequately rated for the maximum ambient temperature to 
which they are exposed along their length. 


1.8.6 Equipment used for cooling and maintaining the 
lesser ambient temperature in accordance with 1.8.4 are 
considered essential services and are to satisfy the 
requirements of 5.2. 


CORRIGENDUM 


1.10 Location and construction 

(Part only shown) 

1.10.4 | Equipment design and the choice of materials are 
to reduce the likelihood of fire, ensuring that: 

NOTE: 

Compliance with IEC Publication 60695: Fire hazard testing, 
or an alternative and acceptable Standard, will satisfy this 
requirement. 


Effective date 1 July 2006 


a Section 2 
Main source of electrical power 

2.2 Number and rating of generators and 
converting equipment 

2.2.3 Where the electrical power requirement to 


maintain the ship in a normal operational and habitable 
condition is usually supplied by one generating set, arrange- 
ments are to be provided to prevent overloading of the 
running generator (see 6.9). On loss of power there is to be 
provision for automatic starting and connecting to the main 
switchboard of the standby set in as short a time as practica- 
ble, but in any case within 45 seconds, and automatic 
sequential restarting of essential services (see 1.5.1), in as 
short a time as is practicable. 

NoTE 

Where the prime mover starting time will result in exceeding 
this starting and connection time, details are to be submitted 
for consideration. 


Part 6, Chapter 2 


2.5 Main propulsion driven generators not 
forming part of the main source of electrical 
power 

25), |l Generators and generator systems, having the 


ship's propulsion machinery as their prime mover but not 
forming part of the ship's main source of electrical power may 
be used whilst the ship is at sea to supply electrical services 
required for normal operational and habitable conditions 
provided that the requirements of 2.5.2 to 2.5.4 are satisfied. 


2.5.2 Within the declared operating range of the genera- 
tors and/or generator system, the specified voltage and 
frequency variations of the Rules are to be met. 


2.5.3 Where there is remote control of the propulsion 
machinery, arrangements are to ensure that essential 
machinery power supplies are maintained during manoeuvring 
conditions in order to prevent a blackout situation. 


2.5.4 In addition to the requirements of 2.2.3, arrange- 
ments are to be fitted to automatically start one of the 
generators forming the main source of power should the 
frequency variations exceed those permitted by the Rules. 


a Section 5 
Supply and distribution 
5.7 Lighting circuits 
AIS) Where lighting circuits in the cargo pump rooms of 


tankers are also used for emergency lighting, and have been 

interlocked with the ventilation, the interlocking arrangements 

are: 

e not to cause the lighting to go out following a failure of 
the ventilation system; and 

e not to prevent operation of the emergency lighting 
following the loss of the main source of electrical power. 


CORRIGENDUM 


a Section 6 
System design - Protection 
6.9 Load management 
(Part only shown) 
6.9.7 Arrangements are to be made to disconnect 


automatically, after an appropriate time delay, circuits of the 
following categories, when the generator(s) is/are overloaded; 
sufficient to ensure the connected generating set(s) is/are not 
overloaded: 

NOTE: 

For emergency generators see 3.2.12 and 3.3.12; as 
applicable. 
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|_| Section 10 
Electric cables and busbar 
trunking systems (busways) 
10.10 Cable support systems 


10.10.2 Cable support systems, which may be in the form 
of trays or plates, separate support brackets, hangers or 
ladder racks, together with their fixings and accessories, are 
to be robust and are to be of corrosion-resistant material or 
suitably corrosion inhibited before erection. Where cable 
support systems are manufactured of plastics materials, 
evidence of satisfactory type testing in accordance with an 
acceptable test procedure is to be submitted for 
consideration. The cable support system is to be effectively 
secured to the ship’s structure, the spacing of the fixings 
taking account of the probability of vibration and any heavy 
external forces, e.g. where located in areas subject to impact 
by sea-water. 


10.10.6 Cable support systems manufactured of plastics 
materials installed on the open deck are to be protected from 
degradation caused by exposure to solar radiation. 


40-40-6 10.10.7 Single core electric cables are to be firmly 
fixed, using supports of strength adequate to withstand forces 
corresponding to the values of the peak prospective short- 
circuit current. 


|_| Section 11 
Batteries 

11.8 Recording of batteries for emergency and 
essential services 

11.8.1 A schedule of batteries fitted for use for essential 


and emergency services is to be compiled and maintained. 


11.8.2 Procedures are to be put in place and documented 
to ensure that, where batteries are replaced, they are of an 
equivalent performance type, see also 1.4.3. 


11.8.3 When additions or alterations are proposed to the 
existing batteries for essential and emergency services, the 
schedule and replacement procedure documentation are to 
be updated to reflect the proposed installation and submitted 
in accordance with 1.4.2. 


11.8.4 The schedule and replacement procedure 
documentation are to be made available to the LR Surveyor 
on request. 


| Section 13 
Electrical equipment for use in 
explosive gas atmospheres or in 
the presence of combustible dusts 

13.6 Ventilation 

13.6.3 An alarm is to be provided on the navigating 


bridge, engine control room, and where applicable, cargo 
control room to indicate any loss of the required ventilation 
capacity. 


13.13 Special requirements for ships intended for 
the carriage of dangerous goods 
13.13.17 In order to eliminate potential sources of ignition in 


enclosed cargo spaces or vehicle spaces in accordance with 
SOLAS 1974 as amended, Chapter Il-2, Regulation 19.3.2, 
and from associated hazardous areas (see 13.4.2), electrical 
equipment is to be selected in accordance with 13.13.2 and 
installed in accordance with 13.3 and 13.13.3 to 13.13.6. 


13.13.2 Electrical equipment essential for the safety and 
operation of the ship is to be of a certified safe type selected 
in accordance with IEC 60092 Electrical installations in ships 
— Part 506: Special features — Ships carrying specific 
dangerous goods and materials hazardous only in bulk. 


13.13.3 Electrical equipment not essential for the safety or 
operation of the ship and which is not of a certified safe type 
is to be completely disconnected and protected against 
unauthorised re-connection. Disconnection is to be made 
outside the hazardous areas and be effected with isolating 
links or lockable switches. 


13.13.4 Electrical equipment and all cables, including 
through runs and terminating cables, are to be protected 
against mechanical damage. Cables are to be either enclosed 
in screwed heavy gauge steel drawn or seam-welded and 
galvanized conduit, or protected by electrically continuous 
metal sheathing or metallic wire armour braid or tape. 


13.13.5 Cables joints in cargo spaces are to be avoided 
where possible. Where joints are unavoidable, they are to be 
enclosed in metal-clad or impact strength plastic junction 
boxes of certified safe type (see 13.13.2) or heat-shrink or 
encapsulated crimp sleeve cable joints. 


13.13.6 Cable penetrations of decks and bulkheads are to 
be sealed against the passage of gas or vapour. 
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CORRIGENDA 


a Section 17 
Crew and passenger emergency 
safety systems 


17.4 Escape route or low location lighting (LLL) 
17.4.3. The power supply arrangements to the LLL are to 
be arranged so that a single fault or a fire in any one fire zone 
or deck does not result in loss of the lighting in any other 
zone or deck. This requirement may be satisfied by the 
power supply circuit configuration, use of fire-resistant cables 
complying with 10.5.3, and/or the provision of suitably 
located power supply units having integral batteries 
adequately rated to supply the connected LLL for a minimum 
period of 60 minutes, see +438 11.3.8. 


17.4.4 The performance and installation of lights and 
lighting assemblies are to comply with ISO standard 15370: 
Ships and marine technology -— Low location lighting on 
passenger ships. 


Part 7, Chapters 4 & 10 


Part 7, Chapters 4 & 10 


Part 7, Chapter 4 
Dynamic Positioning Systems 


Effective date 1 July 2006 


a Section 7 
General 
1.2 Classification notations 
1.2.2 The BRAA}-aAd-DRIAAAS notations given in 1.2.1 


are+e may be supplemented with a Performance Capability 
Rating (PCR). This rating indicates the calculated percentage 
of time that a ship is capable of maintaining heading and 
position under a standard set of environmental conditions 
(North Sea), see Section 6. Fhe-calculation of a PCR is 


Part 7, Chapter 10 
Carriage of Refrigerated Containers in-Holds 


Effective date 1 July 2006 


General requirements 


1.1 General 
7.1.1 The requirements of this Chapter apply Xo container 
ships where the class notation CRCH ‘carriage 4f refrigerated 
containers in holds' is requested. 


1.17.2 The requirements are addition# to the classification 
requirements for container ships/contained in other 
applicable Parts of the Rules. 


7.7.3 Ships provided withA ventilation system that is 
approved, installed and tesf¥éd in accordance with these 
requirements will be eligiblo/tor the applicable class notation 
specified in Pt 1, Ch 2,2.% 


1.1.4 An exampe of a typical class notation on a 
container ship clg8sed with Lloyd’s Register (hereinafter 
referred to as ‘L), fitted with a ventilation system built under 
Special Survey would be: 

%” CRCH 75% to maintain up to 750 refrigerated containers 
operating at their design condition with a 
24-hour average ambient temperature of 
35°C. 
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1.2.1 Where the proposed ventilation arrangemert is 
novel in design, or the ventilation system involves the se of 
an arrangement different to that specified in the folowing 
Sections, special tests may be required and 9/suitable 
descriptive note may be assigned. 


1.2.2 The carriage of refrigerated containers in the hold 
space of ships other than container ships wiWbe given special 
consideration. The CRCH class notatign will be offered 
provided that the ventilation system is approved, installed and 
tested in accordance with these requifé€ments. 


1.3 Definitions 
1.3.1 Hold space meang an enclosed space containing 
refrigerated containers norpally stowed in cell guides. 


1.3.2 
container, normally 
enclosed with trans 
below the containg 


Container call means the position of an individual 
Within a vertical cell guide, normally 
€rse stringers that are located above and 


container constructed in compliance with LR's Containe 
Certification Scheme or a recognized container certificatig 


scheme to meet ISO 1492/2 requirements. 


1.3.6 Design conditions means the container operating 
at its lowest internal temperature whilst in a hold space/at its 
design maximum temperature. 


1.3.7 Independent ventilation system means ¢ ventila- 
tion system that is in no way connected to another ventilation 
system and there are no provisions available for thé potential 
connection to other ventilation systems. 


1.3.8 Balanced ventilation system meang a ventilation 
system consisting of a combination of forced draught and 
induced or natural draught, to produce a pressptre condition in 
the hold space approximately to that of the atmosphere. 


a Section 2 
Plans and documentation 
2.1 General 
2.1.1 The following plans gnd information of the 


ventilation system are to be submitted in triplicate for approval 
before construction is commenc¢d: 
(a) Plans of ventilation arrangements: 

e Location and installation details of each hold 
space ventilation gystem showing duct arrange- 
ment and sizes. 

e Details of all meghanical ventilation fans including 
location, numbfr, duty at design conditions and 
power consumption. 

e Details of airAnlets including number, type, size 


and location 

e Details of ajr outlets including number, type, size 
and locatign. 

e Details afd location of dampers and flaps, if 
applicable. 


Plans of hold Spaces: 
e Refriggrated container stowage plans, sectional 
eleva¥on and plan view. 


° Design pressure or vacuum in each hold space. 
° Details of hatch cover sealing arrangements. 
e Hold personnel access arrangements. 


° Détails and location of hold temperature 

easurement sensors. 

e Details of any pressure/vacuum safety valves in 
each hold space. 

Detajls of ventilation throughput: 

e Specified air throughput rate and proposals for its 
measurement. 

e Design temperature rise in the hold space and 
corresponding ambient air conditions, tempera- 
ture and relative humidity. 

e Schematic arrangement of the ventilation system 
showing proposed air volume and velocity at 
junctions. 

(j} Hull structure: 
e Details of associated openings through the hull 
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Pt 6, Ch 2,1.2, the following information and plang 
specific to the ventilation system are to be submitted: 

° Power supply arrangements to the ventilatiOn 
system. 

e Single-line diagram of the ventilation sygtem 
which is to include rating of motors, insujation 
type, size and current loading of cablosS and 
make, type and rating of protective devicés. 

e A schedule of normal operating loadg of the 
ventilation system estimated for thg design 
conditions expected. 

(f) Control equipment. In addition to the fapplicable 
requirements of Pt 6, Ch 1,1.2, the following information 
and plans specific to the ventilation syst¢m are to be 
submitted: 

e Line diagram of control circuits. 

e List of monitored, control and al¢rm points. 

° Location of control panels and gonsoles. 

e Details of alarm system, inclfiding location of 
control panel and audible afd visual warning 


devices. 
(g) Testing: 

e Details of the testing And commissioning 
programme, including ifstrumentation to be 
used. 

a Section 3 

Ventilation and hold temperature 
3.1 Ventilation systery 
3.1.1 Means are to bd provided to remove the waste 


heat, from each contajher refrigerant condenser and 
electrical motors, local to ~fne condenser's air outlet. This is to 
be arranged in such a way as to minimize its affect on the hold 
space temperature. Thj& may be accomplished by the use of 
a ventilation system of a mechanical supply and/or extract 


type. 


3.1.2 The selecfion of a maximum allowable hold temper- 
ature is to be/agreed between the designer and 
Operator/Owner/ Whilst these Rules do not stipulate a 


maximum allowable hold temperature, generally this is not to 
exceed 45°C dfy bulb. When determining the maximum 
allowable hol@ temperature, the maximum number of 
refrigerated cpntainers within the hold space, operating at 
their design gondition, is to be taken into consideration. 


3.1.3 The ventilation system is to have sufficient capacity 
to remové the heat from each designated refrigerated 
container/cell and maintain the hold temperature at or below 
the maxjmum allowable hold temperature. 


3.1.4 Only container cells fitted with a ventilation system 
are to be used for the transportation of refrigerated contain- 
ers. 


3.7.5 The design heat rejection figure for each container 
cgll and the total hold space heat rejection figure, including 
dny heat imparted from the ventilation system fans, if 
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for each container location and for each hold space is to bg 
stated. 


3.1.7 The positions of supply air inlets and exhaugf air 
outlets are to be such as to reduce the possibility of ghort- 
cycling. A distance of at least 4,0 m is to be mainjyained 
between inlet and outlet vents. 


3.1.8 The effect of warm exhaust air on deck stowed 
refrigerated containers is to be taken into cons{deration. 
Conversely, the effect of warm exhaust air from d¢ck-stowed 
refrigerated containers on the inlet air is to be cofisidered. 


3.1.9 Fans are to be controlled by swit¢ghes situated 
outside the hold space. Arrangements are to/ode provided to 
permit a rapid shutdown and effective flosure of the 
ventilation system in each hold space in cage of fire. Means 
of stopping all ventilation fans (with manu@ resets) are to be 
provided (outside the spaces being served} at positions which 
will not readily be cut-off in the event of 7 fire. 


3.1.10 Ventilation ducts, including’ dampers, are to be 
made of steel and their arrangement j§ to be to the satisfac- 
tion of the relevant Administration. 


3.2 Heat balance 

3.2.1 The amount of heat absorbed from the hold space 
by each container, used to defermine the design air change 
rate, is to be stated. 


3.2.2 The heat gain or Iss from all adjacent spaces, such 
as oil fuel tanks, ballast tanks, engine room, etc., is to be 
stated. 


3.2.3 The heat rejeftion from the refrigeration unit of a 
standard container whgén working at low temperature (minus 
18°C), used to deternfine the design air change rate, is to be 
stated. 


3.2.4 The diveysity factor for the carriage of containers at 
the various different internal temperatures used to determine 
the design air change rate, is to be stated. 


3.3 Far/ redundancy 
3.3.1 Sjngle supply or exhaust fans are not to be used for 
multiple cohtainer locations. 


3.3.2 Individual container cells may be fed by a system 
having ¢ single fan or fans to supply and/or extract air. 


3.3.3 Installed standby fans are not required. However, a 
minimum of one replacement fan, or fan blade and motor, of 
eaci size is to be carried onboard. Fans are to be arranged 
to fnable each to be replaced whilst the remaining parts of 
the system, and/or other systems, continue in operation. 
Hach fan, or fan blade and motor, is to be capable of replace- 
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3.4.1 Special consideration will be given to installatio~is 
using hull spaces for air distribution, rather than dedicajfed 
ductwork. 


3.4.2 Consideration is to be given to measures to pfevent 
ingress of water into air inlets. 


a Section 4 
Electrical 
4.1 General 
4.1.1 In addition to the requirements of Pt 6, Ch 2, the 


following are to be complied with: 
(a) Electrical power for the ventilatiog’ system is to be 
provided by one for more separate/feeder circuits from 
the main switchboard. 
Under sea-going conditions, theMumber and rating of 
service generators are to be Yufficient to supply all 
container socket outlets and thé hold space ventilation 
system in addition to the ship's/essential services, when 
any one generating set is out Pf action. 


(b) 


Section 5 
Control, inst 
alarms 


umentation and 


5.1 General 
5.1.1 The alarm system is to indicate failure of each 
independent ventilatignh system in each hold. If a balanced 
ventilation system is froposed, indication of failure of each 
individual part is tofbe given. The alarm system may be 
integral with the machinery space alarm system or, if fitted, 
the refrigerated coftainer monitoring system. 


5.1.2 Alarmg are to be initiated in a manned location. 
Where alarms Are displayed as group alarms in the main 
machinery spgce alarm system, provision is to be made to 
identify individual alarms at a separate control panel. 


5.1.3 Alarms are to give both an audible and visual 
warning. 
5.2 Hold space temperature monitoring 


5.2.1 A minimum of two temperature sensors are to be 
provjded in each hold space carrying refrigerated containers. 
The/sensors are to be so positioned to give an indication of 
temperature occurring in the hold space used for the 


monitored. Temperatures are also to be recorded either auto 
matically or manually in a hold temperature log. /If 
temperatures are to be logged manually, the average tempér- 


ature in each hold space is to be recorded. 


5.2.3 If the hold space temperature rises abové the 
design maximum, an alarm is to be initiated. 


a Section 6 
Hold access arrangements 
6.1 Hold pressure/vacuum 
6.1.1 The maximum permitted pressur¢ or vacuum that 


may occur in the hold space is to be stated. If the ventilation 
system is capable of producing a positive pressure or vacuum 
above this allowable figure, means are to be provided to 
protect the hold space against the effect of over-pressure or 
vacuum. 


6.1.2 Consideration is to be given to the use of a 
pressure/vacuum relief valve (P/V vafve) set to operate below 
the maximum allowable hold pressyre/vacuum. 


6.1.3 The proposed P/V valvé for each hold space is to 
be of adequate size. 


6.2 Access arrangemfnts 

6.2.1 Suitable means/are to be provided to allow 
personnel safe access to tfie hold space when the ventilation 
system is in operation. Gonsideration is to be given to the 
possible over-pressure gr partial vacuum that may occur in 
the hold space. 


6.2.2 Suitable agcess is to be provided to allow the 
removal of each refrigerated container's compressor or 
electrical motor. Agcess, from each applicable hold space to 
the designated/ container refrigeration equipment 
maintenance are@g, is to be provided. 


a S¢ction 7 
Inspection and testing on 
ompletion 
7.1 General 
7.1.1 Trials of the system in each hold space are to be 


witnessed on board by LR Surveyors before the system is put 
into fervice and prior to a certificate being issued. These trials 
arefo be in addition to any tests which may have been carried 
out whilst commissioning the system. 


1.2 The ability of the ventilation system to supply and/or 


All 
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3) Section 7 
General requirements 
1.1 General 
1.7.1 The requirements of this Chapter apply to ships 


where the class notation CRC ‘carriage of refrigerated 
containers’ is requested. 


1.1.2 This notation may be applied to any ship which has 
the ability to carry refrigerated containers. The requirements 
of this Chapter cover refrigerated containers stowed on deck 
as well as in a hold space. A descriptive notation may be 
assigned in addition to the CRC notation giving details of 
electrical power and type of cargo. 


1.7.3 The requirements are additional to the classification 
requirements for ships contained in other applicable parts of 
the Rules. 


1.1.4 Ships which comply with the requirements of this 
Chapter will be eligible for the applicable class notation 
specified in Pt 1, Ch 2,2.5. 


1.1.5 An example of a typical class notation for a 

container ship classed with LR, fitted with a ventilation system 

built under Special Survey and fitted with electrical plug-in 

points for deck stowed refrigerated containers, would be: 

"A CRC 230/140 to maintain 230 hold-stowed and 140 
deck-stowed_ refrigerated containers 
operating at their design condition with a 
24 hour average external ambient air 
temperature of 35°C. 


Tb An example of a typical class notation for a reefer 
ship classed with LR, fitted with electrical plug-in points for 
deck stowed refrigerated containers, would be: 


"A CRC -/110 to maintain 110 deck-stowed refrigerated 
containers operating at their design 
condition with a 24 hour average external 
ambient air temperature of 35°C. 

1.1.7 In addition to any class notation, an appropriate 


descriptive notation may be assigned to provide additional 
information about the ship's ability to carry refrigerated 
containers. 
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1.1.8 An example of a typical descriptive notation, which 
may be assigned in addition to the class notation, would be: 


crc 2,800 kW provided with a power generating capacity 
of 2,800 kW dedicated to supplying the 
container plug-in points. 

crc 60%/40% = stowage ratio of 60% deep frozen and 
40% chilled cargoes 

7.1.9 These Rules do not cover any requirements for 


alarm and monitoring systems that may be fitted to container 
refrigeration units. 


1.2 Novel arrangement and designs 

1.2.1 Where the proposed ventilation arrangement is 
novel in design, or the ventilation system involves the use of 
an arrangement different from that specified in the following 
sections, special tests may be required and a suitable 
descriptive note may be assigned. 


1.2.2 The carriage of refrigerated containers in the hold 
spaces of ships other than dedicated container ships will be 
given special consideration. The CRC and descriptive 
notations will be assigned provided that the ventilation system 
iS approved, installed and tested in accordance with the 
requirements of this Chapter. 


1.2.3 Where a dedicated fresh water circulation system 
is installed to supply cooling water to containers fitted with an 
optional water cooled condenser, the fresh water system will 
also need to comply with the relevant sections of Pt 5, Ch 12 
of the Rules. 


1.3 Definitions 

1.3.1 Balanced ventilation system means a ventilation 
system consisting of a combination of forced draught and 
induced or natural draught, to produce a pressure condition in 
the hold space approximately equal to atmospheric pressure. 


1.3.2 Blackout means that the main and auxiliary 
machinery installations, including the main power supply, are 
out of operation but the services for bringing them into 
operation (e.g. compressed air, starting current from batteries 
etc.) are available. 


1.3.3 Container cell means the position of an individual 
container. This is usually within a set of vertical cell guides 
and is normally enclosed by transverse stringers located 
above and below the container. 


1.3.4 Container electrical power supply means the 
generated power supply which is dedicated to supplying the 
total number of refrigerated containers and the hold 
ventilation system fan motors. 


1.3.5 Container plug-in point means an electrical 
socket located at each applicable container location on deck 
and each cell location below deck being in accordance with 
Annex L of ISO 1496-2 : 1996. 


1.3.6 Design conditions means the lowest design 
internal container temperature and the design maximum hold 
space temperature. 
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1.3.7 Hold space means an enclosed space containing 
refrigerated containers. The containers are usually restrained 
within cell guides. For hatch coverless ships, hold space 
means the space below the hatch coamings. 


7.3.8 Independent ventilation system means a ventila- 
tion system that is in no way connected to another ventilation 
system and there is no provision available to allow connection 
to another ventilation system. 


1.3.9 Refrigerated container means a_ standard 
container with a self-contained refrigeration system, located 
within the outer dimensions of the container, which can be 
driven by electrical power fed from an external power supply. 
The refrigeration system may be either a 'clip-on' or an inte- 
gral type of cooling unit. 


1.3.10 Stack factor means the ratio of the actual heat 
flowing into the containers forming the stack, to the heat 
which would flow into the same containers if all their surfaces 
were completely exposed to the hold temperature. 


7.3.11. Standard container means a forty-foot equivalent 
unit (FEU) standard production container constructed in 
compliance with LR's Container Certification Scheme, or 
another recognized Container Certification Scheme in accor- 
dance with ISO 1492/2 requirements. The container may be 
of the normal or 'high-cube' type. 


1.3.12 | Stowage ratio means the proportion of deep- 
frozen cargo in relation to banana or chilled cargoes. Unless 
specifically stated, the stowage ratio will be deemed to be 
50 per cent deep-frozen and 50 per cent chilled cargo. 


1.3.13 Ventilation system means a forced ventilation 
arrangement using mechanical fans to supply and/or extract 
air from the hold space. 


me Section 2 
Plans and documentation 
2.1 General 
2.1.1 The following plans and information regarding the 


hold ventilation systems and the electrical supplies to 
container plug-in points are to be submitted in triplicate for 
appraisal before construction is commenced: 

(a) Plans of ventilation arrangements: 

e Location and installation details of each hold 
space ventilation system showing duct arrange- 
ment and sizes. 

e Details of all mechanical ventilation fans including 
locations, number, duty at design conditions and 
power consumption. 

e Details of air inlets including number, type, size 
and locations. 

e Details of air outlets including number, type, size 
and locations. 

° Details and locations of dampers and flaps, if 
applicable. 


(bo) Plans of hold spaces: 
e Refrigerated container stowage plans, including 
sectional elevation and plan views. 
e Design pressure or vacuum in each hold space. 
e Details of hatch cover sealing arrangements. 
e Personnel access arrangements. 
° Details and locations of hold temperature 
measurement sensors. 
° Details of any pressure/vacuum safety valves if 
applicable. 
(c) Ventilation throughput: 
e Specified air throughput rate and proposed 
method of measurement 
e Design temperature rise in the hold space and 
corresponding diurnal external ambient air 
temperature and relative humidity 
e Schematic arrangement of the ventilation system 
showing proposed air volume and velocity at 
junctions 
(d) Plans of deck-stowed containers: 


e Refrigerated container stowage plans, including 
sectional elevation and plan views. 

e Details of access arrangements for maintenance 
and monitoring of refrigeration units fitted to 
deck-stowed containers. 

Hull structure: 

e Details of associated openings through the hull 
structure are to be submitted. 

(f) Electrical. In addition to the applicable requirements of 
Pt 6, Ch 2,1.2, the following information and plans 
specific to the container plug-in points and ventilation 
system are to be submitted: 

° Power supply arrangements to the deck stowed 
refrigerated containers. 

° Power supply arrangements to the hold space 
stowed refrigerated containers. 

e Power supply arrangements to the ventilation 
system. 

e Single-line diagram of the ventilation system. 
This is to include rating of motors, insulation type, 
size and current loading of cables and make, type 
and rating of protective devices. 

e A schedule of normal operating loads of the 
ventilation system estimated for the design 
conditions expected. 


(g) Control equipment. In addition to the applicable 
requirements of Pt 6, Ch 1,1.2, the following information 
and plans specific to the ventilation system are to be 
submitted: 

e Line diagram of control circuits. 

e List of monitored, control and alarm points. 

° Locations of control panels and consoles. 

e Details of alarm system, including location of 
control panel and audible and visual warning 
devices. 

(h) Testing: 


e Details of the testing and commissioning 
programme, including instrumentation to be 
used, are to be submitted. 
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a Section 3 

Ventilation and hold temperature 
3.1 Ventilation system 
3.1.1 Means are to be provided to maintain the hold 


space at an acceptable temperature. This can be achieved 
by either; the direct removal of the waste heat from the 
refrigerant equipment of each container, or by the dissipation 
of the waste heat using large quantities of external ambient 
air. In each case the system is to be arranged in such a way 
as to minimize its affect on the hold space temperature. This 
may be accomplished by the use of a ventilation system of a 
mechanical supply and/or extract type. 


3.1.2 The selection of a maximum allowable hold temper- 
ature is to be agreed between the designer and 
Operator/Owner. Whilst the recommendations given in these 
Rules do not stipulate a maximum allowable hold tempera- 
ture, generally it should not exceed 45°C dry bulb. Guidance 
should be sought from container manufacturers on the 
maximum allowable ambient air temperature. When 
determining the maximum allowable hold temperature, the 
maximum number of refrigerated containers within the hold 
space, operating at their design condition, is to be taken into 
consideration. 


3.1.3 The ventilation system is to have sufficient capacity 
to remove or dissipate the heat from each designated 
refrigerated container cell and maintain the hold temperature 
at or below the maximum allowable hold temperature. 


3.1.4 The volume of air to be supplied or exhausted from 
a hold space per refrigerated container is at the discretion of 
the ventilation system designer. For guidance purposes, an 
indication of the amount of air required for a standard FEU 
having an air cooled condenser operating at the example 
notation as stated in 1.1.5 is as follows: 


Simple supply only system 90 m3/min 
Supply and exhaust duct system 75 m3/min 
Sealed exhaust system 37 m3/min 


iE Heo} The design of the hold space is to be compatible 
with the type of ventilation system proposed. For example, 
for supply and ducted exhaust systems, the semi enclosure 
of each stringer level may be beneficial. For a simple supply 
only system the provision of multiple gratings in each stringer 
level would benefit the free circulation and removal of warm 
air. 


3.1.6 Only container cells served by the ventilation 
system are to be used for the transportation of refrigerated 
containers. 


3.1.7 The design heat rejection for each container cell 
and the total hold space heat rejection, including any heat 
imparted from the ventilation system fans, if applicable, are to 
be stated. Guidance on heat rejection values which may be 
used is given below. 


3.1.8 The minimum quantity of air supplied or extracted 
for each container cell and for each hold space is dependent 
on the type of system proposed and to be stated. 
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3.1.9 The ventilation system designer is to stipulate the 
maximum allowable back pressure occurring within the hold 
space. Due regard needs to be given to this value when 
selecting the ventilation fans and their ability to operate 
efficiently again the proposed maximum back pressure. The 
lower the back pressure, the more efficient the system and, 
hence, the lower the electrical power requirement to drive the 
fan motors for a given air throughput. 


3.1.10 For supply air systems, the air outlet at each 
container location is to be such as to provide a flow of air 
towards the container's integral refrigeration system. 
Consideration should be given to the use of movable spigot 
outlets or ducting to allow both standard and high-cube 
containers to be stowed in any location. 


3.1.11. The positions of supply air inlets and exhaust air 
outlets are to be such as to reduce the possibility of short- 
cycling. An adequate distance is to be maintained between 
inlet and outlet vents on the open deck. 


3.1.12 The effect of warm exhaust air on deck-stowed 
refrigerated containers is to be taken into consideration. 
Similarly, the effect of warm exhaust air from deck-stowed 
refrigerated containers on the inlet air to the hold is to be 
considered. 


3.1.13 Arrangements are to be provided to permit a rapid 
shutdown and effective closure of the ventilation system in 
each hold space in case of fire. 


3.1.14 Ventilation ducts which penetrate the deck and/or 
hatch coaming, including dampers and / or closures, are to 
be made of steel and their arrangement is to be to the 
satisfaction of the relevant Administration. The use of non- 
metallic flexible ducts, local to each container location, will be 
acceptable provided the material demonstrates suitable low 
flame spread characteristics. 


3.2 Heat balance 

3.2.1 The amount of heat absorbed from the hold space 
by each container, which is used to determine the design air 
change rate, is to be stated. 


3.2.2 The heat gain or loss from all adjacent spaces, such 
as fuel oil tanks, ballast tanks, engine room, etc., is to be 
stated. 


3.2.3 The heat rejection from the refrigeration unit of a 
standard TEU or FEU container when working at low temper- 
ature (minus 18°C), chill temperature (2°C) and banana 
carriage temperature (13°C), used to determine the design air 
change rate, is to be stated. The following FEU values may be 
used for guidance purposes: 


Frozen cargo (minus 18°C/38°C) 7,0 kw 
Chill cargo (2°C/38°C) 10,0 kW 
Banana cargo (13°C/38°C) 13,0 kW 


3.2.4 The above heat rejection values are for the 
container during normal operation after the cooling down 
period of a non-precooled cargo. 
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3.2.5 The stowage ratio, for the carriage of containers at 
different internal temperatures, which is used to determine the 
design air change rate, is to be stated. 


3.2.6 When an extraction ventilation system is proposed, 
a stack factor of 0,9 may be used in the heat balance 
calculations. If a ventilation system using supply air only is 
proposed, then no stack factor can be allowed. 


3.3 Fan redundancy 
3.3.1 A single supply or exhaust fan is not to be used for 
multiple container stack locations. 


3.3.2 Individual container cells may be fed by a system 
having a single mechanical fan or fans to supply and/or 
extract air. 


3.3.3 Installed standby fans are not required. However, a 
minimum of one replacement fan, or fan blade assembly and 
motor, of each size is to be carried onboard. Fans are to be 
arranged to enable each to be replaced whilst the remaining 
systems remain in operation. 


3.4 Hull structures 

3.4.1 Special consideration will be given to installations 
using hull spaces for air distribution, rather than dedicated 
ductwork. 


3.4.2 Consideration is to be given to measures to prevent 
ingress of water into air inlets and exhaust outlets, where 
applicable. 


a Section 4 
Electrical, including container 
plug-in sockets 

4.1 General 

4.1.1 In addition to the requirements of Pt 6, Ch 2, the 


following are to be complied with: 

(a) Electrical power for the ventilation system is to be 
provided by one or more separate feeder circuit(s) from 
the main switchboard. 

Under sea-going conditions, the number and rating of 
service generators are to be sufficient to supply all 
container plug-in socket outlets and the hold space 
ventilation system in addition to the ship's essential 
services, when any one generating set is out of action. 


(b) 


4.1.2 The choice between a low (440 V) or high (6,600 V) 
distribution system serving the container plug-in point is 
considered a purely commercial decision. Consideration 
needs to be given to the fault level of the generating 
equipment selected and the total generating capacity of the 
ship. Independent of the system voltage, only the dedicated 
plug-in socket outlet kW value will be stated in the notation. 


4.1.3 Where a distribution system exceeding 1000 V a.c. 
is employed, the plug-in socket outlets for each hold space 
may be fed from a local transformer and the following are to 
be complied with: 

(a) Transformers are to be fed from individual circuits 
divided between different sections of the main switch- 
board. 

The electrical power for the ventilation system may be 
fed locally from each transformer. 


(b) 


4.1.4 Container plug-in socket outlets are to comply with 
the requirements of Pt 6, Ch 2,12.6. 


4.2 Plug-in socket outlet supply transformers 
4.2.1 A standby transformer serving the container plug- 
in socket outlets is to be provided. However, if the CRC 
notation is not assigned, then there is no specific requirement 
covering the installation of a standby power supply. 


4.2.2 If a standby transformer is to be provided, then the 
exact requirements are open to interpretation and considera- 
tion should be given to the contents of IACS Unified 
Interpretation SC 83 with regard to the equipment provided. 


4.3 Container plug-in socket outlets 

4.3.1 The distribution and sub-circuit cabling for the 
container plug-in socket outlets is to be rated at the full load 
capacity (maximum rated capacity). 


4.3.2 Groups of container plug-in socket outlets may be 
fed from a number of independent sub circuits. 


4.3.3 Sub circuits are to be able to be individually 
switched, thus allowing a sequential start up after a prolonged 
(12 hours) blackout. A suitable procedure is to be proposed 
and approved that takes into consideration the requirements 
of 4.4 in addition to the requirements of Pt 6, Ch 2. 


4.4 Generated power for plug-in socket outlets 
4.4.1 When determining the dedicated generating power 
for the plug-in socket outlets, the electrical power drawn by 
the refrigeration unit of a standard TEU and FEU refrigerated 
container when working at both low temperature (minus 18°C) 
and chill temperature (2°C), is to be stated. 


4.4.2 The following values for various cargoes operating 
at normal design conditions may be used for guidance 
purposes: 


4.4.3 Twenty foot equivalent unit (TEU): 


Frozen cargo (minus 18°C/38°C) 5,5 kW 
Chill cargo (2°C/38°C) 7,5 kW 
Banana cargo (13°C/38°C) see 4.4.5 


4.4.4 Forty foot equivalent unit (FEU) including high-cube 
containers: 

Frozen cargo (minus 18°C/38°C) 8,5 kW 

Chill cargo (2°C/38°C) 11,0 kw 

Banana cargo (13°C/38°C) see 4.4.5 
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4.4.5 If the Owner, charterer or operator has operational 
data indicating that, for the ship's specific trade (for example 
banana only cargoes), the power provision for the refrigerated 
containers requirements exceeds those stated above, then 
these higher values should be substituted and submitted for 
consideration. 


4.4.6 The above values are for the container during 
normal operation after the cooling-down period of a non- 
precooled cargo. 


4.4.7 An overall diversity factor may be applied to the 
container's total power requirement. Consideration is to be 
given to Pt 6, Ch 2,5.6. This diversity factor is to be applied 
to all refrigerated container cell locations. For guidance 
purposes, the diversity factor is not generally to be less than 
0,75. 


a Section 5 
Instrumentation, control and alarm 
systems 

5.1 General 

5.1.1 The alarm system is to indicate failure of each 


independent ventilation system in each hold space. If a 
balanced ventilation system is proposed, indication of failure 
for each individual part is to be given. The alarm system may 
be integral with the machinery space alarm system or, if fitted, 
the refrigerated container monitoring system. 


foe Alarms are to be initiated in a manned location. 
Where alarms are displayed as group alarms in the main 
machinery space alarm system, provision is to be made to 
identify individual alarms at a separate control panel. 


5.1.3 Alarms are to give both an audible and visual 
warning. 

5.2 Hold space temperature monitoring 

5.2.1 A minimum of two temperature sensors are to be 


provided in each hold space carrying refrigerated containers. 
The sensors are to be positioned to give an indication of the 
mean air temperature occurring in the hold space used for the 
carriage of refrigerated containers. Sensors are to be 
positioned so as not to be directly affected by warm air from 
the condensers. 


5.2.2 The hold temperature is to be continually 
monitored. Temperatures are to be recorded, either auto- 
matically or manually as a hold temperature log. If 
temperatures are to be logged manually, then the mean 
temperature in each hold space is to be recorded. 


5.2.3 If the mean hold space temperature rises above the 
design maximum, then an alarm is to be initiated. 
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5.3 Container refrigeration system alarms 
5.3.1 These Rules do not cover any requirements for 
alarm and monitoring systems fitted to containers. It is 
acceptable to utilise the container power supply cables to 
transmit signals to a suitable receiver or data logger. 


a Section 6 
Hold access and maintenance 
access arrangements 

6.1 Hold pressure/vacuum 

6.7.1 The maximum permitted pressure or vacuum that 


may occur in the hold space is to be stated. It is proposed 
that a value, in accordance with the contents of Pt 3, 
Ch 1,8.3.4, may be considered as a maximum value. An 
overpressure of 0,15 bar may be used for guidance purposes. 
If the ventilation system is capable of producing a positive 
pressure or vacuum in excess of the design allowable figure, 
then means are to be provided to protect the hold space 
against the effect of over pressure or vacuum. If axial supply 
fans are proposed, even if aerofoil fan blades are fitted, it is 
unlikely that the fans will be able to produce a pressure above 
0,025 bar (250 mm water gauge). 


6.1.2 If required, consideration is to be given to the use of 
a pressure or vacuum relief device or other arrangement set to 
operate below the maximum allowable hold pressure or 
vacuum. 


6.1.3 The proposed pressure or vacuum relief device for 
each hold space is to be of adequate size. 


6.2 Hold access arrangements 

6.2.1 Suitable means are to be provided to allow 
personnel safe access to each hold space when the ventila- 
tion system is in operation. Consideration is to be given to 
the possible over pressure or partial vacuum that may occur 
in the hold space. The use of an airlock arrangement may 
need to be considered. 


6.3 Maintenance access arrangements 

6.3.1 Free access to each applicable container cell and 
hold space is to be provided to allow replacement of refriger- 
ation equipment in the event of failure or malfunction. 


6.3.2 Adequate access is to be provided to allow 
plugging in, data recording or retrieval and general 
maintenance of all deck- and hold-stowed refrigerated 
containers. Suitable means are to be provided to allow the 
removal of the compressor and electric motor from each 
refrigerated container. 
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6.3.3 Suitable safe access is to be provided to each tier 
of deck stowed refrigerated containers to allow electrical 
connection, monitoring and maintenance. The use of fixed 
platforms, such as lashing bridges, should be proposed 
where possible. 


a Section 7 
Water cooler refrigeration units 
7.1 Cooling water system 
7.1.1 A minimum of two independently operated circula- 


tion pumps are to be installed. One of the pumps may be 
used for other services, such as a general service pump. 


7.1.2 The capacity of each pump should be sufficient to 
supply each container at the required flow rate with an excess 
capacity of at least 10 per cent. This required flow rate should 
be obtained from the container manufacturer. 


7.1.3 The fresh water system is to provide sufficient flow 
and even distribution to each container location. This is to be 
achieved using all possible combinations of fresh water 
pumps and dedicated refrigerated container cells. 


7.1.4 The temperature of the cooling water is to be main- 
tained in accordance with the container manufacturer's 
recommendations. 


Li bed, Flexible hoses are to be utilized for connecting the 
water supply and return pipes. The connectors on the ends of 
the flexible hoses are to be of a type that self-closes on 
disconnection. Adequate valves are to be provided to allow 
isolation of each cargo hold sub-circuit in the event of a leak 
or pipe fracture. 


7.1.6 A minimum of two fresh-water to sea-water heat 
exchangers are to be provided. Each is to be rated at 
100 per cent of the required cooling duty at the notation 
conditions. The second heat exchanger may be a standby or 
part of acommon central system such as that used for main 
engine cooling duties. The heat exchangers are to be 
supplied by a minimum of two separate sea-water pumps. 


7.1.7 If metal pipes are used, the contents of Pt 5, 
Ch 12,9.8 are to be given due consideration. 


a Section 8 
Deck-stowed refrigerated 
containers 

8.1 General 

8.1.1 Consideration is to be given to the effect of the 


warm air discharged from the condenser of each deck- 
stowed refrigerated container. When refrigerated containers 
are stowed on only two tiers high, it is considered that the 
warm air from each condenser is dissipated without any 
undue effect on adjacent containers. 


8.1.2 If containers are to be carried three or more tiers 
high, then consideration is to be given to limiting the effect of 
short-cycling warm discharge air within the central section of 
the stack. The proposed method or methods for dealing with 
this effect are to be stated. Possible options would include 
reserving the central cells of each stack for non-refrigerated 
containers, to reduce the block effect or providing fans and 
ductwork to supply ambient temperature air to the bottom of 
each vertical stack. Trials of any proposed system are to be 
undertaken. 


8.1.3 Any adverse effect that the warm air discharged 
from the hold space ventilation system has on the deck 
stowed refrigerated containers is to be minimised. Similarly, 
the warm air discharged from the deck stowed refrigerated 
containers is to be shielded from entering the hold space 
ventilating system. 


a Section 9 
Inspection and testing on 
completion 

9.1 General 

9.1.7 On completion of construction and all appropriate 


safety checks, the acceptance tests prescribed in 9.2 are to 
be carried out. Their purpose is to verify the correct 
functioning of the installation and its ability to maintain the air 
throughput required for the assignment of the intended class 
notation. 


9.1.2 The proposed test schedules, including methods of 
testing and details of the test equipment to be provided are 
to be submitted to Lloyd's Register before the tests 
commence. The proposed test methods are to be appropri- 
ate for the design of the system installed and are to include 
such acceptance criteria as: 

Volume of air to be supplied and/or exhausted at each 
container cell location. 


(ob) Maximum allowable deviation from this air volume. 

(c) Maximum allowable pressure within the hold space 
when the system is under normal operating conditions. 

9.1.3 Trials of the air distribution system within the hold 


spaces are to be witnessed by Lloyd's Register surveyors 
before the ship is put into service and prior to the CRC 
notation certificate being issued. These trials are to be in 
addition to any tests which may have been carried out whilst 
commissioning the system. 


9.2 Acceptance tests 

9.2.1 The acceptance tests (see also 9.2.2 and 9.2.3) are 
to comprise the following: 

(a) Control and alarm systems are to be tested to demon- 
strate that they operate correctly, see a/so Pt 6, 
Ch 1,2.3. 

The accuracy, calibration and functioning of all 
instrumentation is to be verified. 


(b) 
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Part 7, Chapter 10 


For supply air systems: Verification of each supply fan's 
output when running at maximum speed. Verification of 
the air discharge rate and operation of any distribution 
arrangements at each individual container cell location. 
During the test, all supply fans serving the hold space 
are to be operated simultaneously, thus replicating 
normal operating conditions. If a common or multiple 
supply fan distribution system is fitted, then the arrange- 
ments are to be verified; firstly, with all supply fans in 
operation and, secondly, with any one fan out of action. 
For exhaust air systems: Verification of each exhaust 
fan's output when running at maximum speed. The 
volume of air being extracted from each individual 
container cell location is to be verified with each exhaust 
fan running at maximum speed. All exhaust fans 
serving the same hold space are to be operated 
simultaneously thus replicating normal operating 
conditions. 

For combined supply and exhaust air systems: 
Verification of each supply and exhaust fan's output 
when both are running at maximum speed. The volume 
of air being supplied and extracted from each individual 
container cell location is to be verified. All fans serving 
the same hold space are to be operated simultaneously 
thus replicating normal operating conditions. 

(f) — If the supply and/or exhaust ductwork is prefabricated 
and installed in one piece testing at the manufacturer's 
works may be accepted provided the following are 
considered: 

e Any change in the supply and/or exhaust fan(s) 
output due to differences in electricity supply. 

e Any de-rating of the fan throughput due to a back 
pressure or partial vacuum occurring within the 
hold space during normal operating conditions. 

e Verification of the test results is to be undertaken 
in a single hold space. 

Where the air volume required to meet the class 
notation cannot be verified during testing for practical 
reasons, assignment of the notation is to be deferred 
until it is demonstrated that the system is able to achieve 
the specified air throughput within each hold space 
during a loaded passage. 


9.2.2 Where a number of identical fan and ductwork 
installations are constructed and fitted within each hold space, 
the acceptance trials required in 9.2.1 need only be carried 
out in two separate hold spaces, provided that the results are 
satisfactory. 


9.2.3 Where the same system is installed on a number of 
identical sister ships for the same Owner and by the same 
shipyard, the testing in accordance with 9.2.1 will only be 
required on the first ship of the series, provided that the 
results are satisfactory. 


9.2.4 The effect of exhausting warm hold space ventila- 
tion air on the operation of the integral air-cooled condensers 
of deck stowed containers is to be established under normal 
operational conditions. The discharge from hold space 
discharges is to be suitably modified if necessary. 


Part 7, Chapters 10 & 11 


9.3 Testing of cooling water system 


9.3.1 Cooling water piping that is welded in situ is to be 
hydraulically strength tested at 1,5 times the design pressure, 
but in no case less than 3,5 bar g. 


9.3.2 A distribution test is to be carried out to ensure that 
even fresh water distribution to each container as well as 
sufficient flow is achieved. As the fresh water system may be 
somewhat complicated, this test should be carried out with 
care, using all possible combinations of fresh water pumps 
installed. 


9.3.3 If required, the distribution test can be carried out 
without containers, utilizing flexible hoses for connecting the 
water supply and return pipes together. The return valves 
should be partly closed or flexible pipe may be crimped to 
represent the condenser pressure drop. Water flow meters 
are to be installed at the highest and the lowest container 
levels to verify equal water flow. 


9.3.4 The capacity of each pump should be measured by 
a flow meter with an accuracy of +3 per cent. Alternatively, 
this capacity could be obtained from the manufacturer's 
curves if the static pressure difference across a pump under 
test conditions is measured. 


9.3.5 Sea-water pumps and heat exchangers are 
normally subjected to a functional test only. 


a Section 10 
Spare gear 


10.1 General 


10.1.1. Adequate spares, together with the tools necessary 
for maintenance or repair of the ventilation systems are to be 
carried. The spares are to be determined by the Owner 
according to the design and intended service. 


10.7.2 A minimum of one replacement fan, or complete 
fan impeller and motor assembly for each size fitted is to be 
carried onboard. 


10.1.3. The maintenance of the spares is the responsibility 
of the Owner. 


Part 7, Chapter 11 


Arrangements and Equipment for Environmental Protection 


Effecitve date 1 July 2006 


a Section 3 
Supplementary characters 


3.6 Protected oil tanks — P character 
3.6.1 For assignment of the P character, oil fuel and 


lubricating oil tanks are to be located in a protected location 
away from the ship's side or bottom shell plating. this 


3.6.2 The location of tanks is to be in accordance with 
the requirements of MARPOL Annex |, Regulation [13A] given 
in IMO DE 48/25 Annex 2. 


3.6.3 The requirements apply to oil fuel and lubricating oil 
tanks. Main engine lubricating oil drain tanks are excluded. 


36-3 3.6.4 Arrangements providing equivalent protec- 
tion will be given special consideration. 


364 3.6.5 Suction wells may protrude below oil fuel 
tanks provided they are as small as possible and the distance 
between the tank bottom and the ship's bottom shell plating 
is not reduced by more than 50 per cent. 


a Section 4 
Survey requirements 


4.2 Periodical Surveys and Audits 


Part 2, Chapter 3 


1.10.38 Reference to sub-Section Ch 1,1.14 now reads Ch 
1,4.9. 
2.4.11 Reference to sub-Section Ch 1,1.11 now reads Ch 
1,4.6. 


Part 2, Chapter 4 


1.1.4 Reference to paragraph Ch 1,2.2.6 now reads Ch 
1,2.4 

1:3 Reference to sub-Section Ch 1,1.3 now reads Ch 
12:2 
3.4.7 Reference to sub-Section Ch 1,1.11 now reads Ch 
1,4.6 
4.5.5 Reference to sub-Section Ch 1,1.11 now reads Ch 
1,4.6 
9.4.4 Reference to sub-Section Ch 1,1.10 now reads Ch 
1,4.5 


Part 2, Chapter 5 


1.1.6 Reference to paragraph Ch 1,2.2.6 now reads Ch 
1,2.4 

1.8.5 Reference to paragraph Ch 1,1.4.4 now reads Ch 
1,2.3.5. 


Part 2, Chapter 6 

5.1.3 Reference to sub-Section Ch 1,1.3 now reads Ch 
1,2.2. 
Part 2, Chapter 7 
1.1.4 Reference to sub-Section Ch 1,1.3 now reads Ch 
1,2.2. 

Part 2, Chapter 10 


3.5.25 
1,2.4. 


Reference to sub-Section Ch 1,1.5 now reads Ch 


Part 2, Chapter 12 


1.3.2 
1,4.8. 


Reference to sub-Section Ch 1,1.13 now reads Ch 
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Cross-references 


Part 2, Chapter 13 


3.9.1 
1,4.9. 


Reference to sub-Section Ch 1,1.14 now reads Ch 


Part 5, Chapter 1 


3.6.1 Reference to Table 1.3.1 now reads Table 1.3.2. 
3.6.2 Reference to Table 1.3.1 now reads Table 1.3.2. 
3.6.3 Reference to Table 1.3.1 now reads Table 1.3.2. 
4.3.1 Reference to Table 1.3.1 now reads Table 1.3.2. 


Part 5, Chapter 4 


1.5.1 Reference to Table 1.3.1 in Ch 1 now reads Table 
1.3.2 in Ch 1. 


Part 5, Chapter 14 


2.3.3 Reference to sub-Section Ch 1,3.6 now reads Ch 
AS Hare 
8.5.1 Reference to sub-Section Ch 1,3.6 now reads Ch 
aici i 


Part 5, Chapter 17 


3.4.7(e) Reference to paragraph Pt 2, Ch 1,1.10.2 now 
reads Pt 2, Ch 1,4.5.2. 
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